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INTRODUCTION 
Variability among feedlot cattle is due to genetics, nutrition, 
disease, hormones, tissue-specific regulatory factors, and nearly all 
aspects of the animal's environment. The potential for growth and develop­
ment is provided by heredity, and maximization or minimization of this 
potential is determined by the animal's environment. Environmental condi­
tions have been shown to influence feed and water intake, availability of 
energy in ingested feed, heat production of animals, net energy available 
for productive purposes, and body composition of growing animals. Housing 
provides a means of coping with stressful environmental conditions which 
might otherwise impede the ability of cattle to maintain optimal levels of 
physiological activities essential for growth in the face of adverse 
environmental conditions. Under present market conditions, it is extremely 
essential to use every available means to produce a pound of gain 
efficiently. An objective of good feedlot management is to make optimum 
use of available facilities so as to allow animals to achieve their genetic 
potential for growth. 5y attenuating the adverse effects of the environ­
ment, the producer may be able to increase production and the efficiency of 
production. 
Currently, more and more Iowa cattle feeders are buying their feeder 
cattle on a continuous basis throughout the year in an attempt to keep 
their lots filled so as to make more efficient use of labor, equipment, 
buildings, and possible marketing strategies. Cattle producers wishing to 
fill their lots once a year or those desiring to keep their lots filled on 
a continuous basis must determine which combinations of starting cattle on 
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feed and housing conditions provide the most desirable conditions to 
achieve efficient performance. Experimentation on the performance of 
cattle in various housing units, placed in the feedlot at bimonthly inter­
vals, may aid the producer in deciding which combinations of month and 
housing are the most economical in terms of feedlot cattle production. 
The primary objective of this study was to determine the Influence of 
three housing systems, month, and stage of feeding, upon feed consumption, 
average dally gain, feed efficiency, and carcass grades of feedlot cattle 
put on feed at bimonthly Intervals throughout the year. The intentions 
were to ascertain the best starting times and housing conditions for 
maximizing production and also to project feedlot performance when cattle 
were fed on a continuous or year-round basis. 
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LITERATURE REVIEW 
The Physical Environment and Its Affect on Cattle 
Climate, weather, season 
Growth is a complex set of metabolic events which is environmentally 
and genetically controlled. The environmental conditions to which the 
animals are exposed includes nutrition, climatic conditions, disease 
levels, and various management techniques (Ray ^  al., 1969). Among the 
climatic conditions that may impose stress on the rate of growth are 
temperature, humidity, air movement, and radiation. The climatic condi­
tions also affect the amount of food and water intake, the availability of 
the potential energy in the ingested forage, the animal's heat production 
system, the net energy available for productivity, and the body composition 
of growing animals (Hafez, 1968). Climate determines production potential 
of both grain and livestock producers, and it identifies strategies avail­
able to the producer for resource allocations and marketing (Decker, 1983c). 
Climate is defined by the systematic space and time distribution of 
weather events (Decker, i983c). Weather is a specific combination of 
meteorological factors, which includes temperature, precipitation, wind, 
humidity, and sunshine and is characterized by the rate at which each of 
these factors varies (Fuller, 1969). Living organisms respond not only to 
changing conditions but also to the rate of change. 
Normal diurnal and annual terrestrial energy balance exchanges produce 
expected daily and annual climatic variations. But unexpected or changing 
climatic variations on any time and space scale can produce increased 
stresses on animal agriculture (Smith et al., 1980). 
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Maximum performance is obtained only with healthy and comfortable 
animals fed an excellent diet. One of the major factors contributing to 
the discomfort of cattle in feedlots is adverse environmental conditions 
(Elam, 1971). However, the optimal environment for a given class of stock, 
defined as that environment in which health, food conversion efficiency, 
and production are maximal, is difficult to define as a single condition. 
According to Bianca and Blaxter (1961), physiological considerations affect 
the definitions of optimum environment in terms of upper and lower limits 
of air temperature, which must be adjusted for air velocity. Other factors 
such as conductions of heat to floors, radiation to cold areas, and social 
behavior of the stock were cited as reasons to consider the optimal 
environment a range of conditions rather than a single condition. It 
should be noted that the environment results from all external conditions 
that the animal experiences and that interactions are important since the 
environmental complex acts as a whole on the animal (Curtis, 1983b). It is 
also important to realize that animals can modify their own environments by 
giving off heat, water vapor, urine, and feces. 
When determining the profitability of a livestock enterprise, one must 
consider what the variability of weather and climate affects. According to 
Decker (1983b), the direct effects include the following three main 
categories: (1) weather events producing physical injury; (2) occurrences 
associated with physiological stress; and (3) weather events promoting 
insect or disease episodes. Indirect climatic events are those that have 
an impact on the availability of forages and the supply of feed grains. 
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According to Hafez (1968), the direct effect of climate on animal 
productivity may operate via several pathways: (a) cutaneous receptors in 
conjunction with the central nervous system, channeling stimuli to affect 
the neuro-endocrine system via the hypothalamus and pituitary; (b) changes 
in body temperature which results in temperature shifts in the blood 
perfusing the hypothalamic regions ; and (c) changes in body temperature, 
thereby altering the metabolic activity of the animal. The hypothalamus 
occupies a key position in the regulation of processes essential for animal 
productivity. 
Animals under environmental stress undergo various physiological 
reactions in order to maintain themselves in a condition of thermostabil­
ity. An understanding of the basic physiological and biochemical processes 
involved in temperature stress and adaptation to temperature stress must be 
obtained before such practical aspects such as the effects of shelter and 
month can be properly examined and understood. 
Physiological reactions Environmental stress is any environmental 
situation that provokes animal strain. Strain is any adaptive functional, 
structural, or behavior reaction to an environmental stimulus (Curtis, 
1983c). An animal is said to be in a state of stress if it undergoes 
strain in order to cope with adverse aspects of its environment, manage­
ment, or husbandry system (Fraser et al., 1975). An individual environmen­
tal factor that contributes to the stressful nature of an environment may 
be called a stressor (Fraser et , 1975; Curtis, 1983c). 
The amount of stress an animal is under depends on the intensity and 
duration of the noxious agent and on the animal's ability to modify the 
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effects of the stressor. The animal's inability to control stressors 
increases the detrimental effect of stress (Curtis, 1983c). Furthermore, 
central perception of stress intensity "alliesthesia" depends on the 
context within which it occurs. Alliesthesia in the form of comfort rating 
or pleasure rating is affected by the animal's internal and external 
environment. An animal's physiological state can modify its perception of 
stress, making it more difficult to interpret how a specific stressor is 
affecting a specific animal. According to Curtis (1983c), the physiologi­
cal changes that an animal undergoes in response to stress may indicate 
that an animal is successfully adapting to its environment and that it is 
not necessarily succumbing to adversity. 
There are numerous environmental factors, acting separately or collec­
tively, that often impose some degree of stress on ruminants as measured by 
disfunctions in homeothermy. Experimental findings have also demonstrated 
that dysfunctions in homeothermy may result in significant changes in 
efficiency of performance (McDowell, 1974). The maintenance of constant 
body temperature requires a delicate balance between the heat produced 
within the animal, the heat gained from the environment, and the heat lost 
by the animal to the environment (Andrews, 1958). 
There is a narrow range of environmental conditions called the zone of 
thermoneutrality where homeothermy is accomplished without alterations of 
the basic levels of physiological processes by the physical processes of 
convection, evaporation, conduction, and radiation (Albright and Alliston, 
1971). When the effective temperature, which includes all of the variables 
associated with an environmental condition that contributes to the overall 
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response of an animal, is above or below the zone of thermoneutrality, heat 
production and/or heat loss must be altered to prevent hyper- or hypothermy. 
According to Fuller (1969), finishing cattle of European beef breeds grow 
uniformly within the temperature range of 22® to 68®F, when protected from 
extremes of wind and precipitation; with younger growing animais, a lower 
limit of 32°F is considered preferable. For young calves, the range was 
50° to 77°F. Bianca and Blaxter (1961) state that the optimal temperatures 
for production of growing cattle range from 32° to 68°F. 
The lower critical temperature of the zone of thermoneutrality is the 
temperature below which an animal must Immediately increase its rate of 
heat production by shivering or by other means to maintain homeothermy 
(Bianca and Blaxter, 1961; Young, 1981). 
Young (1981) reports that the lower critical temperature of finishing 
feedlot cattle is -31°F, while Curtis (1983a) reports a value of -29°F for 
yearling cattle gaining around 2.2 lb daily in a dry, still environment and 
a value of 14°F for cattle in wet, windy conditions. 
The upper critical temperature is the air temperature beyond which 
cattle begin to have a higher than normal body temperature, at which point 
the animal must respond by reducing heat gain (Ittner e^ , 1958). These 
researchers report that the depressive effects of heat begin to be felt at 
around a 75°F, upper critical temperature. Fuquay (1981) reports that 
for most production traits and for most species, the upper critical temper­
ature falls between 75° and 80°F- In practice, the actual lower and upper 
critical temperature may vary considerably depending upon specific housing 
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and pen conditions, breed type, nutrition, time after feeding, thermal 
adaptation history, and behavior (Young, 1981). 
Thermoregulation is a means by which a balance between heat gain and 
heat loss is achieved so as to maintain an animal's body temperature 
(Fuquay, 1981). Heat gain can be derived from metabolism and from the 
environment via radiation, conduction, and convection. Heat loss occurs 
through both elimination of the by-products of metabolism and by environ­
mental factors such as radiation, conduction, convection, and evaporation. 
The hypothalamus controls integration of physiological adjustments to 
temperature through peripheral and central thermoreceptors (Hardy, 1961). 
Sensory receptors in the form of different kinds of nerve endings on tissue 
surfaces respond to the sensations of heat and cold by sending nervous 
Impulses along the nerve fibers that lead from the receptors to the regula­
tory centers of the hypothalamus and cerebrum. These receptors function as 
the body's first line of defense against external or internal temperature 
changes. Once the hypothalamus receives the temperature stimulant either 
by impulses from the peripheral receptors or directly by the circulating 
blood temperatures, the hypothalamus influences the adreno corticotrophic 
hormones (Kamal et , 1962). Hypothalamic control can respond without a 
change in deep body temperature. If the response is not adequate, thermo­
regulatory centers of the brain serve to intensify the initial reactions 
and initiate additional actions such as metabolic changes and shivering. 
These changes are controlled sequentially with the adrenal medulla being 
triggered initially, followed by the adrenal cortex and then the thyroid 
(Hardy, 1961). 
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The thyroid is involved in the regulation of metabolic activity; the 
gland is activated, secreting more thyroxine in response to cold and is 
suppressed, secreting less thyroxine in response to chronic exposure to 
heat (Johnson and Kamal, 1958; Johnson et al., 1958; Thompson et al., 1963; 
Bianca, 1965; Christopherson et al., 1979). Thyroxine acts as a regulator 
of cellular oxidation and plays a part in the process of thermoregularity 
adjustment (Bianca, 1965). 
In an Australian study. Post (1965), studying the thyroid activity of 
cattle grazing on pasture, found that thyroid activity did not follow the 
seasonal changes in ambient temperature or day length as seen in temperate 
regions where thyroid activity is highest in the winter or spring and 
lowest in summer or autumn. Instead, the datum indicated that thyroid 
activity followed changes in pasture quality. This study also indicated 
that higher thyroid activity was associated with higher rates of growth, 
providing adequate feed was always available; According to Thompson al. 
(1963), depression of thyroid gland activity in hot climates lowers the 
metabolic rate, which in turn decreases heat production and reduces the 
load on the mechanism of heat dissipation. Increased adrenal cortical 
activity also takes place increasing plasma glucocorticoids which aid the 
stressed animal to maintain homeostasis. However, according to Thompson 
et al. (1963) and Curtis (1983c), growth rate and milk secretion would be 
depressed due to the deamination of amino acids by the glucocorticoids 
(Turner et al., 1961). These researchers state that the deamination of 
amino acids decreases their availability for somatic growth or the 
synthesis of milk proteins and thus depresses growth and milk secretion. 
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The findings of Johnson and Kamal (1958), Thompson et al. (1963), and 
Christopherson et al. (1979) suggested that a reduced feed intake resulting 
from the effects of a hot environment accounts for at least part of the 
reduced activity of the thyroid. 
Yousef et al. (1967) reported that depression of thyroid activity and 
heat production may be caused directly by high environmental and body 
temperatures rather than by depressed feed intake. Controlling the feed 
intake of Holstein cows through the use of rumen cannulas, these 
researchers exposed the cows for a week at a time to consecutive tempera­
tures of 34°, 64°, 100°, and 64°F. Results indicate that metabolic rate 
and thyroid activity are not involved in the early (first two days) stage 
of adjustment to a hot temperature of 100°F; however, during compensation 
and acclimation to a new environmental temperature (60 hours at lOO'F), a 
significant decline occurred in thyroid activity and heat production. 
Heat dissipation The higher the environmental temperature, 
the greater will be the physiological response elicited by a given increase 
in hypothalamic temperature (Whittow, 1967). High environmental tempera­
tures depress body activities which, when viewed homeostatically, are 
biological mechanisms for preventing overheating. Such overheating creates 
physiological stress that could conceivably affect production by promoting 
an unfavorable endocrine balance, by affecting metabolism, or by reducing 
feed intake (Hafez, 1968). 
An animal must maintain a balance between the energy added to it and 
that utilized by or removed from it in order to be thermally comfortable 
(Ittner e^ al., 1958). Homeotherms normally live in environments where 
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they lose heat to the environment according to the physical laws of conduc­
tion, convection, and radiation, which collectively are called the sensible 
heat loss (Fuller, 1969). These three modes of heat loss are highly 
dependent upon the environment and are almost entirely independent of the 
feeding level (Bianca and Blaxter, 1961). In addition to the sensible heat 
loss, heat is also lost via evaporation of water from the skin and respira­
tory passages (Bianca and Blaxter, 1961; Fuller, 1969). 
Air temperature is the only climatic factor that directly affects each 
heat transfer mode and consequently has a greater effect on the heat 
balance (Hafez, 1968). Air velocity over the surface of the animal affects 
the convection and evaporation modes, while moisture content of the air 
directly affects only the evaporation mode. Surface temperature of the 
animal and all its surroundings (including the sun, sky, other animals, 
building surfaces, etc.) directly affect only the radiation heat transfer 
(Hafez, 1968). 
High relative humidity imposes stress at high environmental tempera­
tures and is additive to that imposed by temperature. Direct sunlight, at 
high intensity, imposes severe stress that appears to be additive to heat 
stress. If the additional stress imposed by direct radiation is equaled 
with a further rise in temperature, it follows that both efficiency of feed 
utilization and net energy will be lowered (Winchester, 1964). 
According to Hafez (1968), the hot environment stimulates the skin 
thermoreceptors that will activate heat loss mechanisms affecting panting, 
sweating (or surface diffusion), urination, and heat dissipation by 
nonevaporative cooling. At environmental temperatures above the comfort 
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zone, the most efficient system to dissipate the heat according to Kamal 
et al. (1962) is through evaporative cooling. These researchers report 
that evaporative cooling is practically the only way of ridding the heat 
load at high environmental temperatures when the temperature gradient 
between body surface and the surrounding environment decreases and nonevap-
orative cooling becomes relatively inefficient. Kibler e^ al. (1962) 
reports the limiting factors of water evaporation from cattle to be the 
vapor pressure gradient, the vaporizing surface area, and the secretion 
rate of the body surfaces-by sweating and diffusion or osomotic processes. 
Animals exert considerable control over vaporization of water from 
their bodies. Loss of heat by vaporizing water can be curtailed to a 
minimum under cold conditions and can be increased under hot conditions 
(Bianca and Blaxter, 1961). At low environmental temperatures, the evapo­
ration from the skin and that from the respiratory passages are approxi­
mately equal (Kibler and Brody, 1950; Bianca, 1965). Yousri (1976) reports 
that vaporization* of moisture from the skin is one of the most important 
ways animals maintain body temperature in warm climates. 
At high environmental temperatures, cutaneous evaporation becomes much 
greater than respiratory evaporation. Riek and Lee (1948) from the Univer­
sity of Queensland, Australia, exposed Jersey cows for seven hours twice a 
week to atmospheric temperatures that ranged from 85° to 110°F and absolute 
humidity that ranged from 6 to 16 gr./cu.ft. All other times the animals 
were stabled under natural external conditions where temperatures varied 
from 55° to 70°F, and absolute humidity varied from 2 to 6 gr./cu.ft. 
Results indicated that upon exposure to heat stress, rectal temperature. 
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respiration rate, and evaporation water loss increased. These researchers 
observed that the evaporative loss was mainly due to sweat-gland activity 
rather than increased respiratory evaporation. Respiratory evaporation was 
only one-fifth or one-sixth of the total evaporation. The increased 
pulmonary ventilation rate was thought to be a measure of the inadequacy of 
the quantitatively more important cutaneous evaporation to maintain a 
proper temperature balance. 
Weldy and McDowell (1962) exposed mature nonlactating Holstein cows 
kept in a psychrometric chamber to 12 weeks of alternating two-week periods 
of constant 70°F and 90*F temperatures with relative humidities of 60%. 
When the cows were exposed to temperatures of 90°F, surface evaporation 
increased much greater than respiratory evaporation. Surface evaporation 
accounted for 70.3 to 71.4% of the total evaporation loss at 90°F and 
59.3% at 70°F. 
Researchers at Beltsville, Maryland (Weldy e^ al., 1964), compared 
nonlactating Holstein cows and yearling Hereford heifers exposed to temper­
atures of 90°F with pair-mates kept in tie stall barns under ambient 
conditions with a temperature range of 36° to 78°F. The chamber groups 
kept at temperatures of 90*F had significantly higher respiration rates, 
rectal temperatures, respiratory vaporization, and surface evaporation than 
the animals kept under ambient conditions. At temperatures of 90°F, 
respiratory vaporization increased 54% while surface evaporation increased 
177%. 
In a review of dairy and beef cattle research conducted at the Univer­
sity of Missouri, Yeck and Stewart (1959) indicated that the evaporation of 
14 
water from the outer body surfaces of cattle may contribute 80% to the 
total moisture evaporated from the animal, while the remaining 20% comes 
from the respiratory passages. 
Kibler et (1962), reporting on the results of a Missouri experi­
ment station study on effects of temperature upon calves housed in climatic 
chambers, indicated that at temperatures of 80°F skin vaporization 
accounted for 41% and respiratory vaporization accounted for 12% of body 
heat loss. Calves held in climatic chambers where the temperature was held 
at 50°F had skin vaporization account for 16% and respiratory vaporization 
account for 8% of the losses of body heat. 
A nine-year study at the Iberia Livestock Experimental Station in 
Louisiana by Vernon ^ t al. (1959) indicated that there was a highly signif­
icant correlation between respiration rates and body temperature in beef 
cattle. 
It is sometimes believed that in a hot environment a small animal has 
a thermoregulatory advantage over a large but otherwise similar animal 
because of its greater surface area per unit of body mass (Bianca, 1963). 
Brody (1948) thought in this manner when he looked at body size from a 
geometrical standpoint. He stated that heat dissipation becomes more 
difficult as the body size of an animal increases since larger bodies have 
a smaller surface area per unit weight. However, young animals which have 
the geometrical advantage of having a large surface to mass ratio are not 
more heat tolerant than the adult animals of the same breed; they are less 
heat tolerant (Bianca, 1965). 
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Increases in heat tolerance with advancing age have been reported for 
Jersey and SIndhi-Jersey crossbreds in Louisiana (Schein e^ , 1957). 
The cattle in this study were subjected to 105°F temperatures for six hours 
at two-month intervals from ages eight through 24 months. These data 
indicated that an inverse relationship exists between age, up to 24 months, 
and reaction to the standard hot environment. Klemm and Robinson (1955), 
working in Australia with Australian Illawarra Shorthorn bull calves and 
Zebu-Hereford cross bull calves, saw increases in heat tolerance from ages 
two to 12 months. According to these researchers, the increased tolerance 
of heat with age was due to the development of an increase in the amount of 
sweat gland activity during the first year of life, as indicated by the 
greater skin evaporative loss per unit surface area at 12 months than at 
six months of age. The cattle in this test were exposed for seven hours 
twice a week to dry-bulb temperatures ranging from 86° to 108.5°F. 
Another reason why older, larger animals are superior in their thermal 
balance than younger smaller animals is due to their decline in heat 
production, per unit body weight, as the animal becomes larger (Mount, 
1982). 
Young animals, due to their high ratio of surface area to mass, are 
particularly vulnerable to cold (Fuller, 1969). According to Mount (1982), 
the smaller thermal insulation of the young animal, with less subcutaneous 
fat and coat, coupled with the smaller body size makes them mqre suscepti­
ble to thermal variations and causes them to show correspondingly greater 
physiological, metabolic, and behavioral responses. Older, larger beef 
animals have a low ratio of surface area to body mass, are well-insulated, 
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and also have an advantage of waste heat derived from rumen fermentation 
and digestion which can be used for maintenance of body temperature 
(Williams, 1967), 
To maintain a relatively constant core temperature in a cold environ­
ment, an animal reduces its overall heat loss to a minimum and makes up the 
deficit by increased heat production. Heat to maintain homeothermy must 
ultimately come from the environment (Williams, 1967) but may initially 
come from the heat increment of feeding, muscular activity, shivering or 
nonshivering thermogenesis, stimulation of endocrine-releasing factors in 
the hypothalamus for calorigenic hormones, and the expenditure of energy 
directly from dietary sources or body stores (Johnson, 1967). According to 
Williams (1967), heat losses may be diminished by reductions in exposed 
surface area, respiration rate or volume, rapid air flows, wetness of the 
body surface, and by increasing insulation. Curtis (1983c) provides some 
examples of insulative mechanisms such as constriction of blood vessels in 
the skin and subcutaneous fat, erection of hairs, huddling, and other 
postural adjustments. 
Adaptation For any animal, there is a climatic environment 
for which it is physiologically best suited. Adaptation of an animal to an 
environment to which it is unaccustomed involves the development, during 
its growth, of mechanisms which allow it to fit better in the environment 
(Fuller, 1969). The homeokinetic animal attempts to control all aspects of 
its internal environment via adaptive responses in order to maintain a 
steady state despite fluctuating external environmental conditions (Curtis, 
1983c). 
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According to Curtis (1983c), adaptation to environmental conditions 
refers to any functional, structural, or behavioral trait that favors an 
animal's survival or reproduction in a given environment, especially in 
extreme or adverse surroundings. There are two main categories of adapta­
tion as listed by Curtis. The first category is genetic adaptation, where 
an animal's heredity determines the limits of its environmental adaptabil­
ity, and the second category is induced adaptations, which arise from 
environmental influences. Induced adaptations include acclimation, which 
is a collection of compensatory alterations that arise from a single 
stressor acting alone over a period of days or weeks. Acclimatization, 
which is another type of induced adaptation, consists of collective 
reactions over a period of days or weeks to environments where many 
environmental factors vary at the same time. The last type of induced 
adaptation is called habituated adaptation, and it consists of reactions 
to certain stimuli when they occur again and again. 
Just as there are different categories of adaptations, there are 
different levels at which adaptation takes place. Fuller (1969) indicates 
changes of physical regulation as one level of adaptation, and Fuller 
(1969) and Curtis (1983c) both list changes of chemical regulation as 
another. Changes of physical regulation consist of means by which an 
animal may develop more effective ways of conserving or dissipating heat 
(Fuller, 1969). Changes of chemical regulation consist of enzyme induc­
tions or of changes in other modifiers of catalyzed biochemical reaction. 
This adaptation level also consists of changes associated with adaptive 
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responses to environmental stress in neuroendocrine and endocrine functions 
and in effectors' outputs (Curtis, 1983c). 
Acclimatization of animals to the habitat prior to being subjected to 
environmental stresses is an important consideration in interpretation of 
the response of animals to adverse climatic conditions. Conditions prior 
to testing largely determine the degree of reaction. This applies to 
changes in body temperature, endocrine functions such as thyroid activity, 
rumen activity, efficiency of energy utilization, changes in blood constit­
uents, milk production, and growth rates (McDowell, 1967). According to 
Albright and Alliston (1971), the length of time required for acclimation 
differs for various effective temperatures, species, strains of animals, 
and parameters measured. McDowell (1967) suggests that in order to promote 
acclimatization, a gradual exposure to environmental change should be used. 
Hair coat Hair coat functions in a thermoregulatory role 
by providing some protection against solar radiation and by modifying heat 
loss from convection and evaporation (Bianca, 1965). According to Berman 
and Volcani (1961), the hair coat is one of the most important factors 
influencing the rate of heat dispersion from the body to the environment. 
Several workers have implied that hair coat may be involved in adapta­
tion. Berman and Volcani (1961), using Holstein and Syrian-Holstein 
crosses, showed that acclimatization to seasonal changes involved changes 
in hair coat. These researchers indicated that it was necessary for the 
cattle to change hair coat characteristics in order to increase their 
ability to disperse the large amounts of heat produced in hot conditions. 
Bedwell and Shanklin (1962), in Missouri, reported that cows acclimated to 
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winter conditions, having long dense hair coats, adjusted to temperatures 
higher than 90®F by gradually replacing their hair coats with smooth, flat, 
shiny coats. It was implied that this new hair coat provided greater 
opportunity for vaporization of moisture and consequent dissipation of heat 
from the skin. 
McDowell et al. (1960), in Maryland, fed one group of heifers in a 
psychrometric chamber kept at 90°F and another group under ambient condi­
tions from December to July. Hair coat depth of the cattle under ambient 
conditions increased through March, with the winter coat being shed in 
April. The cattle in the chambers developed a smooth, flat, shiny coat 
which remained throughout the experiment. Hair coat depth and water 
consumption accounted for 70% of the variation in rectal temperature. 
Yeates (1955), in Australia, divided eight Shorthorn calves into two 
groups of four, with one group having a reversed seasonal trend in length 
of day from the other. Difference in lighting was the only known differ­
ence of any significance. Results indicated that the normal seasonal coat 
changes of European cattle owe their control to a changing photoperiod. It 
was also reported that shedding of the long thick coat is normally a 
response to increasing day length and that after shedding and during the 
months of long daylight, the hair grows but lies flat and appears glossy. 
This researcher concluded that the hair coat changes are unrelated to 
seasonal temperature differences. Results from Webster et al. (1970), in 
Canada, also suggest that hair growth is governed by photoperiod alone. 
Feed and water intake, gain, and feed efficiency Productivity 
normally reflects the physiological compensations the animal undergoes 
20 
during the processes of adaptation to various environmental situations with 
the physiological changes usually placing limits on production. 
Environmental temperature affects the nutritive value of a given feed 
and also the cattle's need for feed (Curtis, 1983a). In response to a 
change in the climatic environment, animals can adjust their voluntary food 
intake. 
Baumgardt (1969), reviewing factors that were involved in regulating 
food intake, implicated the following in providing signals to the regula­
tory system of feed Intake in ruminants: (1) distention or filling of the 
gastrointestinal tract; (2) regulations, which Include volatile fatty acids 
and llpostatlc regulation; and (3) thermostatic regulations. 
Brobeck (1960) explains the functions of the thermostatic theory of 
regulation of feed Intake by stating that animals eat to keep warm and stop 
eating to prevent hyperthermia. 
At high temperatures, reduction in voluntary food intake results in 
less heat production or energy utilization and aids in the maintenance of 
heat balance (Worstell and Brody, 1953; Ittner et al., 1958; Bianca and 
Blaxter, 1961; Johnson, 1967). However, the lower input into the energy-
utilizing system results in less energy for maintenance and production 
(Worstell and Brody, 1953; Ittner et al.. 1958; Johnson, 1967). 
In cold environments, energy exchanges resulting in a net loss from 
the animal body requires an increase in heat production to maintain normal 
body temperature. This increase in heat production is reflected in an 
increase in feed consumption and a poorer conversion of feed to gain 
(Webster ^  al., 1970). 
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Brobeck (1960) reports that eating feed increases the body's heat 
production in the three following ways: (1) the increase in heat produc­
tion from specific dynamic action of feed; (2) the increased metabolic rate 
associated with increased levels of nutrition; and (3) the Increase in heat 
production observed as body weight increases. According to this 
researcher, heat of external or internal origin causes the rostral cooling 
center of the hypothalamus to stimulate the ventromedial satiety center and 
to inhibit the lateral appetite center, thus decreasing feed intake. 
Stimulation of the appetite center by cold can increase feed consumption. 
The greater appetite providing more substrate for heat production through 
the pathways of energy utilization (Hafez, 1968). 
Baumgardt (1969) reports that the lateral areas of the hypothalamus 
integrate all visual, auditory, olfactory, tactile, gustatory, and diges­
tive tract reflexes associated with feed intake behavior. He stated that 
the ventromedial area is the Integrating relay station for satiety informa­
tion. 
Evidence in favor for Brobeck's thermostatic theory of regulation of 
feed Intake can be found in an experiment by Anderson and Larson (1961) 
where they were able to cause hungry goats to stop eating by warming the 
animals pre-optic and rostral hypothalamus. 
In support of the concept of a thermostatic mechanism for the regula­
tion of feed intake, Bhattacharya and Warner (1968) describe the effect of 
rumen temperature on the appetite of ruminants. These researchers found 
that cold water in the rumen Increased intake by 24% as well as lowering 
both rectal and tympanic membrane temperatures. The effect of rumen 
temperatures on the appetite of ruminants may be Indirect through Its 
Influence on the entire organism. Since the rectal and tympanic membrane 
temperature is reduced by the effects of cold water, it is conceivable that 
the cold water in the rumen reduces the temperature of the blood passing 
through the hypothalamus, thus affecting feed Intake. 
Lofgreen et al. (1975) studied the effects of access to water cooled 
to 65®F and water heated to 90°F on the performance of British and Brahman 
X British crossbred steers and heifers fed under the hot summer conditions 
of California. The results indicate that British cattle with access to 
cold water had higher feed intakes and better energy utilization than the 
British cattle with access to the 90"? water. The crossbreds did not 
experience the depression of energy utilization that the British cattle did, 
and, therefore, the cold water produced no beneficial effects. 
According to Johnson (1967) and Joshi (1983), voluntary reduction in 
feed intake is one of the first noticeable responses to thermal stress in 
most livestock. Fuller (1969) stated that at temperatures above the 
thermoneutral zone, food Intake declines steeply with rising temperatures 
and that intake may reach zero when the animal is at thermal stress. 
According to Curtis (1983a), a temperature range from 77® to 96°F might 
result in a 3% to 10% depression in voluntary feed Intake. At temperatures 
above 96°F, he reports a 10% to 35% reduction in intake in full-fed cattle 
and a 5% to 20% reduction in cattle on a mait^tenance ration. 
Baumgardt (1969) reports that there is a gradual fall in feed intake 
in all species as the environmental temperature approaches 94®F and a more 
abrupt fall as the body temperature approaches 104°F. He noticed that the 
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feed Intake of cattle is not completely Inhibited until the environmental 
temperature reaches 105°F. 
Joshi (1983), in India, fed six noncycling 1 to 1 1/2 year old 
crossbred heifers of various breeds for ten days at 66®F in a psychrometric 
chamber to obtain data from the cattle at a normal, no stress, condition. 
After ten days, the temperature was raised to 90°F, and it was maintained at 
this level for nine days. The pre-experimental period consisted of hot-
humid summer climatic conditions. Results showed that dry matter intake 
increased when going from the pre-experiment to the neutral "environment in 
the psychrometric chamber. At exposure to heat, intake gradually declined 
until the seventh day, at which time there was a sudden fall in feed intake 
to a value 30% lower than that recorded for intakes on the tenth day of 
exposure to the neutral environment. After the seventh day of exposure to 
heat, the intake of the cattle gradually increased until the fourteenth 
day, at which time intake plateaued. The plateau values for feed intake 
were considerably lower than those values recorded prior to heat exposure. 
It was suggested that the sudden drop in feed intake after a week of 
exposure to heat was needed as a thermoregulatory means to stop the upward 
march of rectal temperature which was rising at the same time as the drop 
in intake. It was also pointed out that after the initial fall in body 
temperature, a gradual process assisted by the usual thermolytic changes 
took place to lower the body temperature. The results indicated that 
during this period, the feed intake reverted back and stabilized at a 
subnormal level in consonance with body temperature at a somewhat higher 
level. 
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Johnson (1967), in Missouri, force fed one group of Holstein animals, 
via a rumen cannula, to their determined voluntary intake at 65°F, and he 
fed another group ad libitum. At temperatures above 65°F, control fed 
animals, because of their greater feed intake, declined less in heat 
production than ad libitum animals. At temperatures above 94°F, heat 
production of the control fed group was higher than the ad libitum fed 
group. The control fed animals increased heat production at temperatures 
below 65°F due to shivering and nonshivering thermogenesis while the 
ad libitum fed group had a higher production due to their greater feed 
intake. All of these data serve to emphasize the influence of caloric 
intake on heat balance and the effect of environmental temperature on 
voluntary feed intake. 
Johnson et al. (1960), at the Missouri Agriculture Experiment Station, 
performed an investigation to determine the influence of 50° and 80°F 
environmental temperatures on the growth and related physiological 
responses of Holstein, Brown Swiss, and Jersey calves housed under 
controlled chamber conditions. Results indicated the Total Digestable 
Nutrient (TDN) consumption was greater at 50°F than at 80°F for all breeds 
except Brown Swiss. At both 50° and 80°F, the TDN consumption per unit 
body weight gain Increased with age, with the calves housed at 80°F having 
a lower feed intake and rate of gain than those calves housed at 50°F. 
In another Missouri study, Davis and Merilan (1960) observed the 
effects of heat stress on the feed intake and digestibility of Holstein 
cows. Holstein cows in early, mid, and late lactation were housed in 
psychrometric chambers in which they were subjected to different 
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temperature and humidity relationships. The control group was exposed to a 
temperature of 65°F and a relative humidity (RH) of 50%. In groups exposed 
to temperature and humidity relationships of 80°F and 80% RH, and 90°F and 
20% RH, there was very little affect on feed Intake and digestibility. 
Groups exposed to 90°F and 40% RH, and SO^F and 50% RH experienced a dry 
matter Intake decline of 5.07 and 6.72 lb/day, respectively, and a digest­
ibility Increase of 4.35% and 6.2%, respectively. 
Comparing Holstein heifers fed in controlled environment rooms at 
100°F and 40% RH to heifers fed at 63°F and 70% RH, Colditz and Kellaway 
(1972), in Australia, found that feed intake and live weight gain were 
higher at 63°F and 70% RH. 
Ad libitum fed sheep and restricted fed sheep in Alberta, Canada, were 
exposed to air temperatures above 68°F and below 24® or 14®F by 
Christopherson and Thompson (1973) to determine the effects of air tempera­
ture on feed Intake. Ad libitum fed sheep Increased their feed intake 
gradually at exposure to temperatures of 24"F. Restricted intake sheep 
experienced 7 to 10% reductions in feed Intake during their first week of 
exposure to 24®F but recovered their Intake after continued exposure. When 
temperature was returned to 68°F, all sheep became heat stressed and 
reduced their feed Intake. 
In a review by Fuller (1969) on the effects of the climatic environ­
ment on voluntary food Intake, he observed that an animal's Increased feed 
Intake at low temperatures compensates in part for the increased energy 
expenditure incurred in a cold environment. He indicated that when animals 
are exposed to temperatures below their critical temperature, initial food 
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consumption Increases at a constant rate with falling temperatures up to a 
point where an animal's inherent capacity to ingest and digest food limits 
its intake. 
According to Curtis (1983a), at temperatures from 41° to 59°F, feed 
intake in cattle is typically stimulated by 2% to 5%, and it is stimulated 
by up to 8% in the 23° to 41°F temperature range. He also indicated that 
feed intake might be 10% above feed intake at the basal level, at a tempera­
ture of 5°F, and up to 25% above the basal level in colder surroundings. 
The temperature range at which feed intake is at the basal level was listed 
as 59° to 79°?. 
Olbrich et al. (1973), in Missouri, exposed 20 month old Zebu and 
Scotch Highland heifers to controlled room temperatures of 15°, 65°, and 
87°F. Animals consumed significantly more feed at 15°F than at 87°F. 
In Alberta, Canada, Christopherson and Milligan (1973) tested bull 
calves kept in two environments for the effects of environmental tempera­
ture on feed intake and energy requirements. Environments consisted of an 
indoor temperature controlled pen with an average temperature of 65°F and 
an outdoor unsheltered pen with an average temperature below 32°F. Feed 
intake for the calves fed ad libitum in outside pens was 15% higher than 
ad libitum fed indoor calves. 
Williams (1959) fed 36 Hereford steers in shelter or no shelter 
housing under Canadian winter conditions where air temperature ranged from 
-35° to 45°F. Results indicated that even though feed intake varied with 
changes in air temperature, they were not significantly correlated. Feed 
Intake was significantly correlated (r = 0.25) with water intake for the 
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day following a large change in air temperature and was significantly-
correlated (r = 0.27) with water intake on the day the temperature change 
occurred. The results indicated that large, rapid changes in air tempera­
ture result in an usual depression of feed intake and that low fluctuating 
temperatures were a greater problem than a low constant temperature. 
At the California Imperial Valley Field Station, Morrison and Prokop 
(1983) compared beef cattle performance at a constant indoor air tempera­
ture of 55° to 84°F to cattle performance at 70°F. Cattle exposed to an 
air temperature of 84°F had significantly lower values for feed intake, 
average daily gain, and feed conversion. 
In Louisiana, Johnston e^ al. (1961) fed yearling Jersey, Holstein, 
and Red Sindhi X Holstein heifers under controlled climatic conditions. 
For the first 88 days, the cattle were subjected to cool (60-70°F) tempera­
tures and for the final 40 days to hot (75-95*'F) temperatures. Average 
daily gain and dry matter intake declined in the first 20 days after 
exposure to the hot temperature and began recovery after the second 20 days 
of exposure. Dry matter digestibility, body temperature, respiratory rate 
and volume, and water consumption all increased upon exposure to the hot 
temperatures. 
Ray al. (1969) reported on the feedlot performance of heifers and 
steers fed during the summer and winter in Arizona. Results indicated that 
gains improved during the winter and were reduced during the summer. Poor 
summer performance was attributed to high ambient temperatures, solar radi­
ation, and humidity. 
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Boiling (1982), in Nebraska, studied the effects of cold stress, heat 
stress, precipitation, and wind on the rates of gain for beef animals via 
the use of regression analysis. He found the greatest impact on Nebraska 
feedlot cattle to be stress resulting from the direct effects of cold in 
combination with the effects of precipitation. Heat stress rarely was a 
significant factor in affecting cattle performance. 
Milligan and Christson (1974), in Canada, reported little difference 
between feed consumption of finishing steers in winter and spring; however, 
intake was reduced in the summer and greatly increased in the fall. These 
researchers reported no significant correlation between any climatic 
variable and daily feed intake. On a body weight basis, daily feed intake 
was lower in winter than any other season. A possible reason for reduced 
feed intake in winter, according to Milligan and Christson (1974), was that 
feed intake was affected by water intake, since the water intake was 
reduced during the winter (December, January, and February) feeding period. 
Another proposed reason was that the digestibility of feedstuffs is 
reduced at low environmental temperatures, thus causing a reduction in 
voluntary feed intake. 
Paine et al. (1977), in Oklahoma, found that feedlot cattle had the 
poorest feed conversion ratio during January, February, March, and April 
with conversion ratios improving to their best values during the months of 
August, September, and October. Average daily gain was lowest during 
February, March, and April and highest during August, September, and 
October. 
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A direct relationship exists between ambient temperature and rate of 
gain when feed is consumed ad libitum. Energy conversion relationships 
change with ambient temperature and rate of gain when feed is consumed 
ad libitum, resulting in maximal conversion of feed energy to net energy at 
an optimal temperature that varies with species and age (Winchester, 1964). 
The rate at which an animal retains energy represents the balance of its 
energy budget. Since the various components of climate affect both the 
inputs and outputs of energy, the rate of energy retention may be regarded 
as an integration of the diverse effects of climatic variation. In hot 
environments, above thermal neutrality energy retention is reduced both 
through a decline in food intake and, to a lesser extent, an increase in 
heat production. Whether or not energy retention is reduced below thermal 
neutrality depends on the extent to which the cold-induced increase in food 
intake can compensate for the increased heat loss (Fuller, 1974). 
According to Williams (1983), frame size, body condition, and pen 
condition are some other variables besides weather and caloric intake that 
can affect gain. Smaller frame steers which put on fat at lighter weight 
range than larger frame steers will have smaller gains than the larger 
frame steers at this time, if they are eating the same amount of feed. 
This, according to Williams (1983), is a consequence of fat having a 2.25 
higher calorific content than muscle. 
Compensatory gain, whereby an animal's body seems to be more efficient 
after being given the opportunity to catch up following some form of feed 
restriction or stress, is related to the type of tissue being deposited in 
the gain. The type of tissue being deposited depends on the body 
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condition. When comparing thinly fleshed and moderate to heavy fleshed 
animals put on feed, the thinly fleshed animal is putting on more pounds of 
muscle and bone while the composition of the better fleshed animal contains 
more fat (Williams, 1983). 
Pen conditions, as indicated by Williams (1983), can affect gains 
substantially. Muddy lots were observed to reduce gains, and it was 
noticed that since low ambient temperatures do not produce good weather for 
mud to dry, muddy lots are more frequent in winter weather. 
Williams (1983), in an attempt to find some method that would give 
better guidelines to feedlot gains, took 50 feedlot cattle at about 88 days 
on feed and weighed them every morning at 6:30-7:00 A.M. Results indicate 
that weights increased as much as 21 lb/head one day, only to be followed 
by an 18 lb/head loss the following day. Days of low average daily gains 
did not always have low intakes associated with them. This researcher 
suspects water consumption as a cause for the primary change in weights. 
He suggested that rainfall in the early morning hours could have lowered 
water and feed consumption; conversely if it was hot all night and the day 
before and with rainfall at 4:00 A.M. or 5:00 A.M., the cattle could have 
eaten heavily the first part of the night and that would have caused them 
to drink more water and weigh heavier. This researcher suggested that if 
cattle are wet at the time of weighing, their coat could contain 7 to 
10 pounds of water. 
Kohli et (1951), using Milking Shorthorn steers, demonstrated that 
average daily gain had high positive correlations (r = 0.70 and 0.77) with 
efficiency and high negative correlations (r = -0.72 and -0.74) with days 
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to final weight. Efficiency had high negative correlations (r = -0.56 and 
-0.73) with days to final weight. These results can be expected because 
the greater the daily gain, the less time will be required to reach the 
desired weight at slaughter, with a smaller amount of feed needed for 
maintenance and finishing. 
Harbin et al. (1958), in Texas, conducted a study to deteirmine the 
effects of temperatures on the water intake of cattle. Using Holstein and 
Jersey cattle housed in unshaded outside pens during the months of April 
through July, these researchers found highly significant correlations 
(r = .94 and .95) between water intake and temperature. Relative humidity 
did not have a significant effect upon water intake. 
According to Kamal et al. (1962), the factors which affect water 
consumption of cattle are: ambient temperature, age, body size, level of 
feed intake, butterfat test, and daily milk yield. Most investigators have 
reported that water consumption in various species increases with 
increasing environmental temperatures (Ragsdale et al., 1949, 1951; Harbin 
et al., 1958; Ittner et al.. 1958; Johnson et al., 1960, 1961; Sharma and 
Kehar, 1961; Winchester, 1964; Johnson, 1967; Olbrich et ^ . , 1972; Hegg 
et al., 1974). 
As shown with dairy animals by Ragsdale et al. (1949, 1951), the rise 
in water consumption with increasing temperatures does not manifest itself 
if the rising temperature depresses feed intake and with it the milk 
secretion to such an extent that the decreased metabolic requirement for 
water outweighs the increased homeothermic requirements. In contrast to 
these findings, Kamal et al. (1962) indicate that at high temperatures. 
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water consumption is directly related to environmental temperature even 
though food intake is depressed. These researchers determined that there 
is a more pronounced effect of heat rather than feed deprivation on water 
intake. 
Johnson (1967), in Missouri, obtained results that showed water intake 
increasing in response to a tremendous increase in the total vaporization 
of Holsteins exposed to temperatures above 68°?. He believed this increase 
in water Intake to be in direct response to an increased need to provide 
moisture for increased vaporization and urination. 
Kamal e^ al. (1962) indicate that a fall in the environmental tempera­
ture below the thermoneutral zone is accompanied with an increase in water 
consumption of less magnitude than that accompanying an environmental 
temperature above the zone of thermoneutrality. According to these 
researchers, cold stimulates thirst indirectly through the higher feed 
consumption that takes place in the cold. It was indicated that the level 
of feed caused the withdrawal of great amounts of body fluids for the 
formation of digestive juices, thus increasing the need for increased water 
intake. 
Westra and Christopherson (1976), in Canada, studying the effects of 
cold on shorn yearling wethers housed in individual metabolism crates in a 
climatic chamber, found that as temperatures decreased, water consumption 
decreased. 
Anderson and Larson (1961) demonstrated that the hypothalamus was 
involved in the mechanism of heat-induced increases in water consumption. 
These researchers evoked a large increase in the water consumption of goats 
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as a result of wanning the pre-optic area and rostral hypothalamus of the 
goats with thermodes. 
Wilson (1967) noted that there were differences within a species that 
affected feed and water intake indirectly via the animal's heat-loss 
mechanism. He indicated that these differences were caused by sweating 
rate, age, coat thickness, color, production of milk or eggs, and acclima­
tization. 
The physiological, anatomical, and behavioral reactions cattle use to 
combat cold and heat stress require the expenditure of energy, with thermo­
regulatory energy costs amounting to significant inefficiencies (Curtis, 
1983a). Climatic factors that influence metabolizable energy intake or heat 
production will influence productivity and utilization of dietary energy, 
since in terms of dietary energy utilization, production is the difference 
between metabolizable energy intake and heat production (Young, 1981). 
The major influence of the environment is on energy exchange, so the 
highest weight gain should be expected at the temperature where energy 
retention is at a maximum. According to Fuller (1969), this is true for 
animals fed the same amount of food at different temperatures. He states 
that when food is available ad libitum, more of it is consumed in the cold, 
and at least some of the extra protein it contains may be used for tissue 
growth, 
Cattle under cold or heat stress have altered maintenance processes, 
with the acclimatization status of an animal further altering the require­
ment for net energy. This is due to hormonal and metabolic changes that 
occur as the animal becomes accustomed to one environment or another 
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(Curtis, 1983a). As a result of these changes, there are marked seasonal 
fluctuations in the cattle's level and efficiency of production. According 
to Young (1981), 40 to 60% of the seasonal variation in feedlot performance 
can be accounted for by climatic variables. 
Since protein may be used either for the growth of new tissue or as an 
energy source, the extent of its contribution to thermoregulatory heat 
production largely determines what effect adverse environments have on 
growth and body composition (Fuller, 1974). Under environmental stress, 
proteins can be diverted from synthetic processes to provide heat for 
thermoregulation, with the consequence of impairing growth. In adult 
animals where synthesis of tissue proteins proceeds slowly, the environmen­
tal cold has correspondingly little affect on protein utilization. Growing 
animals retain a large fraction of their dietary proteins as tissue 
proteins, thus, they are characterized by high rates of synthesis. 
Exposing growing animals to cold environments increases energy expenditure, 
reducing the amount of energy which is available to provide the protein 
sparing effect. The more nonprotein calories supplied, the smaller the 
contribution of protein to the total energy supply (Fuller, 1969). 
According to Fuller (1969), the higher the protein content of the diet, the 
more nitrogen retention depends on energy supply and the more severely it 
is impaired in an adverse environment. 
Digestibility The digestibility of feed seems to increase 
slightly under conditions of mild heat stress. This was shown by Blaxter 
and Wainman (1961) with two Angus crossbred steers in thermostatically 
controlled stalls. In general, digestibility of food increased when the 
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environmental temperature was Increased from 24° to 93°F. In a study-
described earlier in this review, Davis and Merilan (1960) reported a 
4.35 to 6.2% increase in digestibility in cows exposed to an atmospheric 
temperature of 90"F. 
Reporting on results obtained from the U.S.D.A. in Maryland and from 
Arizona State University, Tempe, McDowell et al. (1969) revealed that upon 
exposure to a constant temperature of 90®F, Holstein cows increased their 
digestibility of all ration ingredients except for fat. The results 
indicate that the rate of passage may have been depressed, as suggested by 
the lowered water content of feces. The researchers indicate that this 
decrease in rate of passage could have enhanced digestion. 
In a study by Wayman ^ t al. (1962), where six Holstein cows were 
either force fed via a rumen cannula or ad libitum fed, exposure to a high 
temperature period of 88°F in contrast to a 65°F period resulted in 
decreased milk production and rate of feed passage through the rumen. 
According to these researchers, part of the decrease in production may be 
due to the decreased rate of feed passage through the rumen. This was 
shown by the force fed cows that had a decline in production and rate of 
feed passage through the rumen at high temperature, while their feed intake 
was held constant. 
In India, Sharma and Kehar (1961), using mainly Hariana cattle, 
observed that water intake increased and digestibility of feeds decreased 
as environmental temperatures increased. They indicated that the lower 
digestibility of feeds may be due to either the increased water intake or 
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to a decreased blood flow to the alimentary tract resulting from more blood 
being directed toward diluted peripheries for heat dissipation. 
Sharma (1968), in India, used Hariana and Bengal cattle to study the 
effects of heat stress on intake and digestion of nutrients. Results 
indicated that high water consumption on a body weight basis exerted a 
flushing effect on the alimentary tract, resulting in significantly lower 
apparent digestion coefficients of dry matter, crude protein, fats, and 
total carbohydrates. This resulted in lighter weight animals in comparison 
to others the same age. 
In a study described earlier in this review, Colditz and Kellaway 
(1972) found that Holsteins exposed to a temperature of 63°F had a higher 
water intake and a lower dry matter digestibility than Holsteins exposed to 
a temperature of 100®F'. At 100°F, a greater proportion of water intake was 
lost as evaporative water and a lower proportion was lost as fecal water. 
Young and Christopherson (1974) reported on the depressive effects of 
cold temperatures on digestibility in ruminants. These researchers were 
able to demonstrate that during prolonged exposure to outdoor winter condi­
tions in Michigan, digestibility decreased 0.25 to 0.40 digestibility units 
per degree drop in environmental temperature. 
In a Canadian study, Westra and Chris topherson (1976), using shorn 
yearling wethers housed in a climatic chamber, found that as environmental 
temperature decreased from 64° to SS'F, water consumption and dry matter 
digestibility decreased. These researchers thought that the decrease in 
dry matter digestibility might be due to a change in the rate of passage of 
digesta through the alimentary tract since there were significant changes 
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in the rate of passage through the reticulo—rumen in sheep exposed to cold 
compared to sheep in warm temperature treatments. According to these 
researchers, the rapid rate of passage of feed through the rumen may result 
in both the alteration of the species composition of the rumen microbial 
population and an increase in the proportions of dietary protein and other 
dietary constituents which escape microbial degradation and reach the 
hindgut unchanged. Therefore, at the expense of decreased fiber digestion 
with an increasing feed intake in the cold, the total supply of amino acids 
and other essential nutrients that escape degradation in the rumen would 
increase. Westra and Christopherson (1976) implicated the thyroid gland as 
being involved in the mechanism by which the thermal environment influences 
the rate of passage of digesta. 
Olbrich et al. (1973), in a study described earlier in this review, 
reported that daily digestibility values were significantly (P<.05) higher 
at 87°F than at 15°F. Feed intake was inversely related to digestibility, 
with feed intake being significantly (P<.05) lower at 87°F than at 15°F. 
Volatile fatty acids Kelley al. (1967), at the University 
of Missouri, exposed six rumen fistulated Holstein cows to temperatures of 
33, 64, and 99'F in a climatic laboratory where feed intake was held 
constant by fistula feeding. Results indicated that total volatile fatty 
acid (VFA) levels declined significantly as temperatures increased from 33° 
to 99°F. It was also shown that the acetic acidiproprionic ratio increased 
at high temperatures. Water consumption was not significantly different 
(P<.05) between cattle subjected to temperatures of 64° and 99°F. 
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Weldy et al. (1964), In Maryland, as previously described in this 
review, reported on the effects of heat stress on volatile fatty acids 
concentration. Animals in psychrometrlc chambers were subjected to 
12 weeks of alternating two-week periods of constant 70° and 90®F tempera­
tures at 60% relative humidity. Holsteins and Herefords housed under 
ambient conditions were exposed to a temperature range of 40° to 78°F and 
36° to 56®F, respectively. Results Indicated that the total fatty acid 
levels for the Herefords in chambers were significantly lower than their 
pair mates housed under ambient conditions. According to these 
researchers, the lower VFA level was due mainly to a decreased acetic acid 
concentration, which might have resulted from an Increased rate of passage. 
It was implied that the combined effects of heat stress and the pelleted 
ration fed the Herefords might have caused the increased rate of passage. 
It was observed that rectal temperature had significant negative correla­
tions with VFA levels (r = -.78 and -.49) in the Holsteln and Hereford 
groups, respectively. In the Hereford chamber group, total VFA level had a 
positive significant correlation with feed intake (r = 0.49) and a signifi­
cant negative correlation with water intake (r = -.37). 
Olbrich et al. (1972), In Missouri, subjected 18 month old Scotch 
Highland and Zebu heifers to psychrometrlc chamber temperatures of 50° and 
87°F. The results indicated that total ruminai VFA concentrations were 
significantly decreased for both breeds at 87°F. These researchers thought 
that this might be a result of a significant decrease in feed consumption 
coupled with an increase in water consumption at the higher temperature. 
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Compensatory growth Compensatory growth is characterized by the 
abnormally rapid gains which follow a period of restricted growth, which is 
usually a result of limited feed intake (Hahn et al., 1974; Williams, 
1983). Climatic factors influence growth through energy intake, which is 
controlled in turn by the heat balance of the animal (Worstell and Brody, 
1953; Ittner et al.. 1958; Brobeck, 1960; Bianca and Blaxter, 1961; 
Johnson, 1967). Heat stress decreases feed consumption (Johnson et al., 
1960; Johnson, 1967; Baumgardt, 1969 ; Fuller, 1969; Colditz and Kellaway, 
1972; Christopherson and Thompson, 1973; Curtis, 1983a; Joshi, 1983); 
however, when heat stress is elevated, feed intake increases (Hahn eit , 
1974). According to Hahn ^ t al. (1974), the increased supply of energy and 
nutrients, coupled with a carry over of more efficient metabolic processes 
developed due to limited feed intake during the period of stress, produces 
an increased growth rate immediately following the relief from stress. 
These researchers suggest that maximum compensatory growth following heat 
stress is expected to occur in the thermoneutral zone with ad libitum 
feeding. As previously mentioned in this review, compensatory growth is 
also related to body condition (Williams, 1983). 
Effects of heat stress on compensatory growth in Hereford steers and 
heifers were studied in the Missouri Climatic Laboratory by Hahn e^ al. 
(1974). When compared to thermoneutral conditions (73-76°F and 50-70% 
relative humidity), animals subjected to heat stress (88® or 99°F and 
45% relative humidity) had a decreased efficiency of feed conversion, but 
due to compensatory gain, the growth curves between the two groups became 
parallel. These researchers concluded that the primary economic penalties 
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resulting from severe heat stress are related to the additional time 
required to reach market weight, rather than decreased efficiency of feed 
conversion. 
According to Drennan (1979), a period of feed restriction when 
followed by a sufficiently long recovery period of unrestricted feeding has 
little effect on the overall efficiency of feed utilization when animals 
are slaughtered on a weight constant basis. Hahn et al. (1974) recommends 
retaining feedlot animals for at least a week or preferably two weeks 
following the end of a prolonged heat period to permit compensatory growth. 
Drennan et al. (1982), in Ireland, conducted a study to determine the 
effects of restricted feed Intake on compensatory growth. Frieslan steers 
weighing 495 pounds were stocked in three grazing seasons and subjected to 
varying levels of restricted intake resulting from overstocking the 
pastures. Animals with restricted Intake (high stocking rates) were likely 
to have reduced feed intakes and correspondingly lower rumen content 
weights. When these animals were subsequently fed a silage-concentrate 
diet ad libitum, there were weight Increases of gut contents. These 
researchers concluded that weight recovery following feed restriction at 
pasture was minimal or nonexistent if previously restricted animals are not 
given enough time during re-alimentation to rectify loss of growth rates. 
Lawrence and Pearce (1964), at the University of Reading, England, 
examined the occurrence of compensatory growth in 36 Sussex X Shorthorn 
crossbred steers varying in age from 38 to 52 weeks. These researchers 
indicated that the powers of recovery from periods of growth inhibition 
increased with the increasing age of the animal. They observed that the 
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magnitude of compensation depended not only on the length and severity of 
the growth suppression period but also on the length of the recovery period 
given relative to this. They also stated that the more nearly these two 
periods are equal, the greater are the chances of complete recovery. These 
researchers cautioned that when studying compensatory gains, gut-fill 
changes can exaggerate the live weight gains made in the early part of the 
recovery period. 
Shelter effects on cattle production 
Animal performance ultimately determines economy of production, and 
uncomfortable animals usually perform suboptimally (Curtis, 1972). Many of 
the problems involved in providing comfort for cattle can be classified as 
environmental. It is important even under extreme conditions to provide an 
environment that will permit animals to express as near their genetic 
potential as possible and give maximum economic return (McDowell, 1967). 
If genetic potential, nutrition, and disease control are limiting animal 
performance or if the adverse effects of climate are minimal for the given 
species or strain of livestock, investing capital to improve the climatic 
environment is inappropriate (Hahn, 1981). 
To make effective changes in an animal's environmental conditions and 
to alleviate the direct effects of the climate, housing must be designed in 
relation to the local meteorological data and according to the information 
on the frequency of occurrence of extreme conditions (Bianca and Blaxter, 
1961; McDowell, 1967). Shelter designed using these criteria often 
provides the type of conditions which lie within the ranges optimal for 
production. 
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Environmental and shelter conditions influence the intermediate and 
associated physiological reactions that are part of the growth process. In 
order to adjust shelter conditions for highest productivity, it is 
essential that an understanding of the effects of the environment and 
shelter conditions on the proponent factors of growth be developed (Johnson 
et al., 1960). Shelters should be provided so as to allow animals to 
effectively utilize available feed and to grow normally. 
Bond and Laster (1974) studied the benefits of windbreaks in a 
Nebraska feedlot during the winter. These researchers concluded that wind­
breaks did not provide any benefit to winter growth or to feed efficiency 
of feedlot cattle in the midwest. However, windbreaks significantly 
reduced feed consumption when compared to those cattle without windbreaks. 
Studying the effects of winter shelter on cattle under the relatively 
mild Louisiana conditions from December to April, Pontif e^ al. (1973/1974) 
found that windbreaks decreased average daily gain when compared to keeping 
cattle under a roof only or in an open pen. These researchers concluded 
that the windbreaks inhibited air movement and, thus, drying of the 
concrete floors, forcing the cattle to remain on damp floors for longer 
periods, resulting in decreased performance. 
Shading animals is considered an important function of a housing 
system. According to Garrett et al. (1962), shades are essential for 
economic cattle enterprises in areas where high air temperatures make it 
difficult for a productive animal to maintain a normal body temperature. 
Shading can become a primary function of housing systems during certain 
seasons or a rain and snow barrier during other seasons. There are shades 
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built strictly to reduce the radiant heat load imposed on an animal by the 
sun. Ittner et al. (1958) indicated that shades will reduce the radiation 
heat load from the sun and sky by more than 50%. Collier and Buffington 
(1980) report that even though radiant heat stress is reduced by the use of 
bare metal roof shades, the infrared heat load from the underside of the 
roof can be as high as 1,000 Btu/hour. It was recommended that insulation 
be used - to alleviate this problem. 
The effects of shade on animal performance vary according to which 
area of the world experiments are conducted. In an experiment conducted in 
California, Garrett et (1962) found that shade produced significant 
increases in daily gain over that of unshaded feedlot cattle groups fed 
under conditions of high temperature environment. 
Studying the effects of shaded and unshaded Holstein cows during the 
summer months in Florida, Collier and Buffington (1980) found that cows 
with access to shade consistently had 10% higher milk production than 
unshaded cows. It was suggested that the temperatures the unshaded cows 
were exposed to were too high for them to maintain a high level of internal 
heat production. To compensate for this, the cows reduced their feed 
intake, thus resulting in a decline in milk production. 
In a study by Boren et al. (1961), yearling beef heifers in Kansas 
were provided with either shade at 64 sq. ft./head or no shade. The shaded 
cattle gained .13 lb/head more per day and required less feed to produce 
each pound of gain when compared to unshaded cattle. Since it was found 
that there was no great difference in air temperature between the shaded 
and unshaded lots and the mean radiant temperature was much higher for the 
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unshaded groups, it was concluded that the reduction in heat load on the 
shaded animals partly explained why animals gained more in the shade. 
A four-year study conducted in Louisiana indicated that Hereford and 
Angus cows with calves made significantly greater daily weight gains on 
pasture with natural shade than in pastures without natural shade (McDaniel 
and Roark, 1956). Cattle with access to artificial shade, 12 ft. X 24 ft. 
and 7 ft. high, did not have significantly greater weight gains than cattle 
without shade. According to Ittner et al. (1958), 10 to 12 feet is the 
best height for a shade, and the shade should provide at least 60 sq. ft./ 
head to be adequate. Perhaps the poorer performance seen in the cattle 
reported by McDaniel and Roark (1956) is a result of improper shade 
construction. 
Bond and Laster (1975) indicated that the summer environmental condi­
tions in the midwest do not stress cattle enough to justify the use of 
summer shades in feedlots. They found no benefits in either daily weight 
gain or feed utilization efficiency due to shades. 
Bond al. (1970) studied the effects of mud and wind on cattle in an 
open feedlot verses cattle on concrete with shelter. Wind and rain were 
produced artificially to provide a most undesirable condition for animal 
production. Results obtained were highly significant with daily gain being 
reduced 15.0% from 3.13 lb. for cattle in shelter and on concrete to 
2.67 lb. for unsheltered animals subject to wind and mud; feed requirements 
were 25% higher for the unsheltered animals (6.94 lb. to 8.55 lb. feed per 
lb. gain), respectively. Henderson and Geasler (1968), summarizing data 
from 13 winter feeding trails comparing housing verses no housing for 
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feedlot cattle, found the average daily gains for the no housing groups to 
be consistently depressed from 2% to 22% (average 12%). When these same 
researchers summarized similar data for eight suiraner feeding trials, they 
found the average daily gains for the no housing group to be consistently 
depressed from 2% to 7% (average 5%). 
Hidiroglou and Lessard (1971), studying the effects of housing steers 
either outside with a windbreak or in a loose housing, closed polebarn, 
found that the steers wintered outside required 16% more TDN for mainte­
nance, while the steers kept inside gained 15% faster. 
In a study by Hidiroglou et (1977), steers in Canada were housed 
in an uninsulated, aluminum-covered, closed-front pole barn in one treat­
ment group, while another treatment group was housed in open, drained yards 
enclosed on four sides by a high plywood fence. Weight gains were slightly 
higher for the steers housed inside than for those kept outside, but the 
differences were not significant (P>0.05). Slightly more feed was consumed 
by the steers kept outside than by those housed inside, but the effect of 
housing was found to be not statistically significant. According to these 
researchers, the steers apparently responded to environmental stress by 
adjustments in energy intakes. 
Comparing beef steers kept outdoors and sheltered from the wind with 
those kept Inside a heated barn (61-68°?), Christopherson (1976) found that 
beef steers kept outdoors had significantly lower apparent digestibilities 
of dry matter and acid detergent fiber (P<0.01) than steers kept indoors. 
He further stated that in order to offset the lowered digestibilities, the 
animals would accordingly need to consume more feed to achieve a similar 
46 
digestible energy intake when kept outdoors during the winter than if in a 
heated bam. Low apparent digestibilities tended to be associated with 
high resting metabolic rates. 
In Canada, Ingalls and Seale (1967) placed steers and bulls in either 
heated housing (50—59°F) or in open shed housing for three periods: 
October 1-December 20, December 21-March 14, and March 15-May 22. Period 
by housing Interaction was significant (P<.05) for feed intake, weight 
gain, and feed efficiency. During period two, feed intake was 11.6% 
higher, weight gain was 6.8% lower, and feed efficiency was 20% poorer for 
animals in open housing. During period one, animals outside had higher 
feed Intake (19.5%) and gains (16.3%) with little difference in feed 
efficiency. These differences were small during period three. 
Data from an Iowa study (Hoffman and Self, 1970) indicated that 
yearling steers with access to overhead shelter were more efficient and had 
greater average daily gains than cattle raised in an open lot with a wind­
break. A Northern Ontario study (Jordan e^ al., 1977) reported on Short­
horn cows that were confined year-round to three types of shelter. One 
shelter consisted of an insulated, forced air ventilated enclosed barn, a 
second was a barn with free access to an outside yard, and the third was 
outside pens with windbreak fences for shelter. These researchers studied 
the effects of shelter and levels of feeding on year-round feed require­
ments and cow body weight change. The cattle in outside pens consumed 
significantly more feed and were significantly poorer in their yearly 
weight performance than the cows with access to the other shelter treat­
ments . 
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Embry (1968) wintered steers in South Dakota in either bedded 
open dirt lots with concrete feeding aprons or in concrete lots with an 
attached bedded shed. Absence of shelter depressed average daily gains 4% 
and average final weights 1%. 
Harte and Fallon (1982), during average Irish winter weather, studied 
the effects of housing seven day old calves in confinement, a partly 
covered yard, or an uncovered area. Live weight differences were not 
significantly different between treatments. The researchers concluded that 
the environment had little effect on calf performance in the Irish climate 
where temperature is not likely to inhibit calf performance. 
In a study conducted in Canada by Webster e^ (1970) , beef heifers 
were kept during the winter months under three types of housing conditions, 
open front shelter, no housing, and a controlled environment, total 
confinement building. Increases in resting metabolic rate (RMR) in the 
sheltered group were associated with an increase in thyroid activity 
induced by the relatively moderate and stable weather conditions they 
experienced. The exposed group (no housing) experienced a more severe and 
unstable environment and had no cold-induced increase in RMR. The data 
showed that metabolic adaptation to cold was observed in the sheltered but 
not exposed cattle. The researchers concluded that there are considerable 
benefits to be gained simply from the provision of shelter for growing 
cattle, since it reduced cold stress even in the severest conditions to a 
point where cattle can adapt physiologically and perform satisfactorily in 
terms of growth and feed efficiency. The additional benefits to the 
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cattle, likely to accrue from a fully controlled environment, were small 
and difficult to justify on physiological grounds. 
Under housed situations, the immediate climate surrounding the animal 
may be relevant to its performance (Alhassan et al., 1975). Complete 
confinement heightens inexorable links between the animal and environment. 
Discomfort signals impending harm, but confinement limits the animal's 
chances to seek more favorable surroundings. Confinement intensifies no 
animal-environmental interactions more than those involving air-
environmental factors. Most air factors of concern to animal production 
result from normal animal functions, production practices, or both. 
Enclosure lessens atmospheric dilution of these air factors, especially 
when other considerations dictate low ventilation rate (Curtis, 1972). 
In addition to normal atmospheric components, air in animal quarters 
contains substances which are either exotic or else natural components in 
excess; they may be gases, liquid droplets, or solid particles; organic or 
inorganic; viable or nonviable; noxious, pathogenic, or inert (Curtis, 
1972). According to Taiganldes and White (1969), the main noxious gases 
are hydrogen sulfide, ammonia, carbon dioxide, methane, and a host of 
strongly odoriferous organic gases in minute quantities. Low ventilation 
rates concentrate any gas produced (Morrison et al., 1976); however, the 
danger to cattle in a closed building arises more from the possibility of 
the animal breathing air which is deficient or devoid of oxygen rather than 
from being poisoned by Inhalation of noxious gases generated inside the 
building (Taiganldes and White, 1969). 
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Water vapor indoors is often higher than that of outdoor air. Causes 
include water vaporized from the skin and respiratory passages of animals, 
dung and urine, water used to wash down stalls, and water incorporated in 
food (Bianca and Blaxter, 1961). 
The humidity of air in buildings varies inversely with their ventila­
tion. Reduction of ventilation leads to excessive humidity in the air and 
to condensation of water vapor on walls and other surfaces at lower temper­
atures than the air. High air humidity in itself causes discomfort only at 
temperatures greater than 68° to 86°F. This corresponds to a physiological 
humidity of the order of 50% (Bianca and Blaxter, 1961). According to 
Morrison et (1976), increasing humidity at high temperatures increases 
the difficulty with which an animal loses heat by evaporation and may cause 
a decline in feed intake. 
Webster (1970) found that cattle under total cover lose about 4% more 
heat during the winter than stock kept outdoors at the same air temperature 
but sheltered from the wind. He attributes this phenomenon to the fact 
that air becomes saturated in a fully roofed bam situation, and once the 
air is saturated with water vapor, the hair coats of the animals become 
very wet and cold tolerance is markedly reduced. 
Average air temperature inside a building with stock will be above 
that of outdoors, and the difference in temperature varies directly with 
animal density and the insulation of the building and inversely with the 
rate of ventilation of the building (Bianca and Blaxter, 1961). These 
researchers also indicated that the radiant environment of the animals in 
complete housing is modified since animals radiate one to another and 
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because the infra-red energy loss of a housed animal is less than it is out 
of doors. 
Polete (1968), comparing confinement and normal feedlot conditions in 
Arizona, found that confinement fed cattle gained .5 lb./head/day less, 
required 1 lb. of feed/head/day more to produce a pound of beef, and took a 
longer period on feed to reach market weight. He concluded there was no 
advantage in confinement feeding in an area where climatic conditions are 
good. 
Hellickson et (1972) compared a closed environment bam and an 
open-front pole barn during two periods in South Dakota; period one 
(winter), October to January, and period two (summer), April to August. 
Environment had no significant effect on average daily gain or feed conver­
sion of finished beef cattle during the winter period. Significantly 
higher average daily gains and improved feed conversions were found for the 
beef cattle finished in the pole barn than for those finished in the closed 
environment building during the summer period. 
Self and Hoffman (1974) compared cattle raised without shelter to 
cattle with access to overhead shelter and cattle in an open front confine­
ment building during two seasons in Iowa: season one (winter), November to 
April, and season two (summer). May to September. Sheltered cattle had 
significantly higher average daily gains and lowered feed requirements per 
unit of live weight gains throughout the year. The availability of shelter 
had a greater effect on feed efficiency and average daily gains in the 
winter than in the summer. Cattle fed in open lots with shelter were more 
efficient and gained faster than cattle fed in confinement. During the 
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summer treatment period, confinement fed cattle gained slower and were less 
efficient than both shelter and no-shelter groups. The daily feed intake 
for the sheltered and nonsheltered groups did not differ during this 
period. 
In a study by McQuitty et al. (1972), steers in Canada were kept in 
open feedlots or housed in either a straw-bedded, slatted floored, or free 
stalled total confinement building from January to October. The differ­
ences in feed intake and live weight gain were not significant when 
compared between cattle in confinement and cattle in open feedlots. There 
was no difference in performance between the types of confinement. 
Hegg et al. (1974) fed beef cattle for five years in Minnesota in 
outside feedlots with shelter and in confinement. Average daily gains did 
not significantly differ; however, cattle in shelter consumed significantly 
more feed and were less efficient than confinement reared cattle. 
In a Utah study conducted from December to March, Kearl e^ al. (1965) 
reported on the results of feeding 24 Angus and Angus crossbred heifers in 
either an enclosed barn or in a lot without shelter^ The results indicated 
that the inside fed animals were significantly better in their average 
daily gains (P<.05) and feed efficiency (P<.01). 
In a Canadian study, Lister et al. (1972) fed ten year old dry Short­
horn cows under the following housing conditions: (1) insulated forced-air 
ventilated barn, (2) open yard with access to a log barn, and (3) windbreak 
shelter. Weight gains were highest in the insulated barn group and lowest 
in the windbreak shelter group. There was an increased energy requirement 
in the cows out of doors as compared with those housed or partially housed. 
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At the Utah agricultural experiment station, Crawford and Butcher 
(1966) fed 32 yearling Hereford heifers from December to March under the 
following housing treatments: (1) totally enclosed ventilated barn, 
(2) partial shelter, and (3) open pen. Feed consumption was significantly 
affected by the type of housing (P<.05) with the cattle in treatment one 
consuming the most feed and cattle in the open pen consuming the least. 
The cattle with complete and partial shelter did not share as much vari­
ation in feed consumption and body weight changes. 
A Washington State University study by Bennett and O'Mary (1965) fed 
heifer and steer calves in an open lot or in a bam from November to 
January. Average daily gains for the calves fed in the barn were signifi­
cantly better (P<.01) than the calves fed in an open lot. 
McRobert (1969), feeding cattle on a year round basis in Missouri, 
reported improvements in weight gains of 0.3 to 0.6 lb. per day in confine­
ment fed cattle versus cattle fed in outside lots with some shelter. 
Benefits from improved health and comfort of cattle, better control of 
parasites, quieter cattle, and less dust and erosion problems were also 
cited. 
Environmental effects on the production of steers in different stages of 
feeding 
There are many documented examples comparing the physiological 
responses of younger and older cattle under different environmental condi­
tions (Klemm and Robinson, 1955; Schein et al., 1957; Ittner ejt al., 1958; 
Bianca and Blaxter, 1961; Lawrence and Pearce, 1964; Bianca, 1965; Fuller, 
1969; Fuquay, 1931; Young, 1981; Mount, 1982; Curtis, 1983a,b,c); however. 
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very little substantial information exists in the literature relative to 
the effects of environmental conditions on the performance of feedlot beef 
cattle at different stages of feeding. 
Ittner al. (1958), in California, reported that Hereford steers 
having a heavy layer of fat had a reduced ability to rid themselves of 
excess heat. For these reasons, it was recommended by the authors to plan 
a livestock program so that cattle do not reach a high degree of finish 
during the middle of the summer. They stated that it would be better to 
finish the cattle for market just before summer weather begins or during 
the early fall. 
In a study described earlier in this review, Morrison and Prokup 
(1983) found that cattle that were sorted into either "light" (704 lb.) or 
"heavy" (836 lb.) groups did not differ significantly in feed intake, 
average daily gain, or feed conversion at temperatures of 55° or 70®F. At 
84°F, both groups, had significantly lower values for all parameters. 
Petritz and Brokken (1974) used data from the Allee Research Center in 
Newell. Iowa, to develop a prediction equation for the effect of climatic 
stress on animal performance. It was found that cattle in the "inter­
mediate" size range of 860 to 935 lb. during summer trials performed better 
than either of the "smaller" or "larger" weight groups. During winter 
feeding trials, it was shown that the "larger" weight animals performed 
better than both the "intermediate" and "smaller" groups. 
Quartermain and Oliver (1963), in Southern Rhodesia, fed mainly cross­
bred Africander steers, with initial weights ranging from 688 to 971 lbs., 
in pens with shades from June until the end of October. Total finishing 
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time was divided into two periods, with period one ranging from June to 
mid-September and period two encompassing the remaining time. Mean maximum 
temperature ranged from 80° to 90°F for the total finishing time, with 
period two having a higher mean temperature than period one. The mean rate 
of gain for cattle in period two was significantly less than the mean rate 
of gain for period one (P<0.01). The authors suggested that this was not 
due to a temperature effect, but rather it was due to the naturally 
occurring event of animals gaining more fat during the later stages of 
finishing than at the beginning. It was noted that fat has a higher 
calorific content than lean, and more energy must be consumed to gain 1 lb. 
of fat than 1 lb. of lean. Also, it was stated that at the same energy 
consumption per day, average dally gain will be slower if the content of 
the gain is fat rather than lean. In addition. It was suggested that since 
the feed requirement for maintenance Increases with Increases In live 
weight, more food must be eaten to maintain the rate of gain, and since 
food consumption may not Increase at the same rate as live weight, the rate 
of gain may decrease as finishing proceeds. 
In support of these findings, Williams (1983) reports that since 
cattle at the end of their feeding period have a higher maintenance 
requirement due to a larger body weight and since the cattle at this time 
are gaining more fat than muscle, average daily gains are slower, and more 
feed is required per lb. of gain. Gill (1983) also reported a decrease in 
daily gains and an Increase in feed per unit of gain increase as cattle 
approach or pass normal marketing weights. Johnson e^ (1960) observed 
that for successive unit Increases in TDN, weight also increased but at a 
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certain percentage less than the immediately preceding increment. Thus, 
according to these researchers, as the animal grows larger, its maintenance 
cost in comparison to weight gain increases, and, therefore, the energetic 
efficiency of growth decreases; that is, as the animal approaches mature 
weight, the successive increments on body weight decrease per unit of food 
intake. Finally, growth virtually ceases while food consumption continues 
for maintenance. It was noted that at high temperatures, a longer time was 
required for the attainment of maturity. 
In studies described earlier in this review, Hahn et al. (1974), 
reporting on the future performance of finishing cattle exposed to moderate 
and severe heat stress, stated that moderate heat stress did not reduce the 
attainable market weight, market quality, or efficiency of feed utilization 
of ad libitum fed finishing beef. It was also reported that moderate heat 
stress did not increase the time it took to reach market weight, provided 
several weeks remained in the growing period after the animals were 
relieved from the heat stress. Severe heat stress eliminated the possibil­
ity of full recovery from suppressed growth, even though limited compensa­
tory growth occurred, feed utilization was near-normal, and market quality 
was similar. There was an increased time for the animals to reach market 
weight under heat stress conditions. These researchers suggested that 
during prolonged periods of heat, it is essential to provide adequate 
environmental modifications to minimize reductions in growth rate. It was 
implied that this is especially true for feedlot animals nearing market 
weight, since they might not have adequate time prior to slaughter to 
undergo compensatory growth upon elevation of heat stress. 
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Carcass composition 
Carcass composition in an "industry" or meats view refers to those 
compositional factors which are important to the desirability of beef 
carcasses, real or implied. Of primary importance is the distribution of 
fat and its influence on retail yield, marbling, and carcass grade 
(Preston, 1971). Quantitatively, fat is the most variable constituent in 
the body and in muscle. According to Hedrick (1975), the accretion of fat 
in the body during postnatal growth and development is the result of 
animals being fed for extended periods of time at levels in excess of their 
maintenance requirement. Hedrick (1975) also points out that growth of 
muscle is not dependent upon an increase in fat content but generally is 
accompanied by an increase in fat content in the form of intermuscular and 
intracellular lipids. Breed of animal, sex condition, caloric intake, and 
physiological age are some of the main factors that influence fat deposi­
tion in muscle and in the body. 
The partition of fat between depots and its distribution through the 
carcasses is of major commercial importance. Subcutaneous fat can be 
trimmed more easily than intermuscular fat and is, therefore, preferable in 
carcasses containing fat in excess of consumer requirements. Intramuscular 
fat has traditionally been an indicator of beef quality, and, since it is a 
later developing depot, high levels of fatness have been thought necessary 
to confer good eating quality. With increasing consumer demand for lean 
meat, the relationship between fatness and eating quality has created a new 
dilemma. Recently, fat partition has been implicated as an expression of 
different physiological types of cattle, sheep, and pigs which have 
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characteristic differences in stress susceptibility, metabolic efficiency, 
and meat quality (Kempster, 1979). 
According to Leat (1974), there is a definite order of development of 
tissues with bone preceding muscle and muscle developing before fat. Fat 
depots themselves have a defined order of development and continues in the 
order; abdominal, intermuscular, subcutaneous, and intramuscular. The 
development of the last two depots gives the characteristic plump appear­
ance of the finished animal and the marbling effect in the meat, respec­
tively. The rate of development of the tissues and of the component fat 
depots can be modified. The order of development of tissues is not 
altered; it is merely the time scale which is shortened or lengthened. One 
consequence of this is that if a carcass contains visible Intramuscular 
fat, it must also contain an excessive amount of other depot fat, particu­
larly subcutaneous (Leat, 1974). 
There are two major defects in the present day meat carcass according 
to Leat (1974): (a) it can contain too much fat and (b) the fat is mainly 
saturated or mono-saturated in character, particularly in ruminants. 
Excess fat in the carcass is costly, since it represents a wastage of 
valuable dietary energy and may be nutritionally undesirable because of the 
suggested relationship between dietary saturated fats, raised blood choles-
teral, and an increased susceptibility to cardiovascular disease. One 
approach to the problem is to reduce the amount of fat in the carcass. By 
so doing, the two disadvantages of the meat carcass will be partially 
rectified; there will be a more efficient partition of dietary energy, and 
the production of saturated fatty acids will be reduced. 
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What seems to be the most rewarding approach to reduce the fat content 
of the carcass would embrace control of deposition. Leat (1974) reports 
that the deposition of fat is energetically expensive, and up to 20% of the 
calories are lost in the formation of triglycerides from glucose and 
acetate. 
Because fat deposition is controlled by the number of fat cells, which 
is genetically controlled, the long-term approach must be by breeding for 
carcasses of low fat content. On a biochemical level, methods of 
depressing fat synthesis at critical phases of development or of parti­
tioning dietary energy in favor of tissues other than fat would be worth 
investigation (Leat, 1974). One promising area of investigation is in 
comparing carcass traits of animals using various housing systems and 
observing their effects on the previously mentioned major defects in the 
present day beef carcasses. 
A specific area of consideration is to reduce the saturated fatty acid 
content of the depot fat. Since the major characteristic of ruminant depot 
fat is its high content of stearic acid (Leat, 1974) and the hydrogénation 
of fatty acids in the rumen is considered as a major factor controlling the 
high concentration of stearic acid in the ruminant depot fat (Hilditch and 
Williams, 1964), then management techniques that result in incomplete 
hydrogénation from increased feed intake, more rapid rate of passage of 
digesta, and reduced changes in the microbial population of the rumen 
should be considered as a possible means of reducing saturation of depot 
fats. Housing systems which produce any or a combination of these effects 
in significant amounts should receive strong consideration. 
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In pigs, the concentration of oleic acid is affected by the tempera­
ture at which the animals are kept, but the changes are reflected in all 
fat depots, suggesting a change in whole body metabolism (Fuller et al., 
1974). In lambs, exposure to low temperatures results in the deposition of 
a more unsaturated fat (Marchello et al., 1967), which may be due to the 
increased deposition of unsaturated fatty acids which have escaped hydro­
génation. Garton (1974) reports that in intramuscular and subcutaneous 
adipose tissue of steers and heifers, the relative proportions of the 
unsaturated fatty acids, myristoleic and palmitoleic acids were higher, and 
those of the saturated fatty acids, palmitic and stearic acids were lower 
in the (cold) winter months, whereas, the reverse results were obtained in 
the summer. 
Climatic effects on carcass composition 
The body composition of a growing animal, in terms of its fat and 
protein contents, is determined by the relative rates of fat and protein 
accretion, with virtually all the energy retained being in these forms. 
Major routes by which climate directly affects an animal's growth are by 
way of its heat loss, its voluntary food intake, and its protein metabolism 
which determines the partition of its retained energy between protein and 
fat (Fuller, 1974). 
Cold thermogenesis affects adult animals differently than growing 
animals. In adults, increases in oxidation of fat rather than increases in 
protein catabolism was found (Graham et al., 1959). In growing animals, on 
the other hand, with high rates of protein accretion accounting for a 
substantial part of their energy retention, protein metabolism is more 
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sensitive to changes in energy expenditure (Fuller, 1974). Pigs, for 
example, on a fixed food intake, retain less nitrogen in the cold (Fuller 
and Boyne, 1971). When growing animals are fed ad libitum, however, the 
possibility arises that they may compensate for the increased energy 
expenditure by eating more and that part at least of the extra protein 
they consume may be used for growth (Fuller, 1974). 
For any growing animal on a given diet, there is, irrespective of 
temperature, a characteristic relationship between protein accretion and 
total energy retention; at a very low- rate of energy retention, proteins 
account for all the retained energy and increases. A lower body fat 
content may, therefore, arise simply from a lower rate of energy retention 
with a corresponding increase in the proportion of the energy retained as 
protein (Fuller, 1974). 
If cold affects fat deposition proportionately more than protein, 
animals raised in the cold would have less fat than those in the warm. If 
food is available a^ libitum,' a reduced rate of fat deposition at high 
temperatures is primarily a consequence of a reduced food intake, whereas, 
at cold temperatures, there is failure of voluntary food intake to increase 
sufficiently to match the increased energy expenditure (Fuller, 1974). 
Production traits influence on carcass traits 
Cook ^ t al. (1951) found that efficiency of gain had no correlation 
with carcass grade and that it had a significant negative correlation with 
dressing percentage. Deans al. (1956) and Hankins and Burk (1938) both 
found that average daily gains of steers had no effect on final carcass 
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grade. Cook et al. (1951), however, reported that average daily gain had a 
significant positive correlation with beef slaughter grade and carcass 
grade. That is, there was a slight tendency for a steer with a higher 
average daily gain to have a higher carcass grade than one with a lower 
average daily gain. 
Richardson et al. (1961), using beef heifers, and Magee et al. (1958), 
using yearling beef steers, found that average daily gain had a greater 
direct effect than age, final weight, or area of loineye on carcass grade. 
Magee et (1958) also reported that the faster gaining heavier steers 
tended to produce carcasses which graded higher because of increased 
quality grade factors. 
Matthews and Bennett (1962) found that treatments involving greater 
gains produced a definite improvement in all factors relating to visual 
appraisal of quality in both the live animal and the carcass. 
An inverse relationship between rate of gain and percent of muscle in 
the carcass is the result of the positive interrelationship of rate of gain 
and fat development (Zinn, 1964). This is especially true if cattle are 
fed for a standard period of time. Under these conditions, the percentage 
composition data would undoubtedly be affected by differences in slaughter 
weight. The faster gaining cattle would be heavier and presumably fatter 
when fed for a given period of time than would their slower gaining 
counterparts. On the other hand, if cattle are fed to a given weight, then 
the relationship of gain with muscling would be positive. The faster 
gaining cattle reached a desired slaughter weight at a younger age when 
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they still have considerable potential for growth relative to fattening 
(Zinn, 1964). 
Missouri studies showed that rate of gain is negatively correlated 
(r = -.26) with fat thickness when cattle are fed to a constant weight. 
The rate of gain was significantly related to carcass cut-out in cattle fed 
to a constant weight. The correlation coefficients between rate of gain 
and trimmed wholesale cuts and trimmed primais were 0.41 and 0.41, respec­
tively (Zinn, 1964). 
Cartwright elt (1958) pointed out that an increase in the daily 
gain results in an increase in lean. Knox (1957) believed that the 
quickest way to accomplish the production of lean meat in market cattle was 
to have cattle grow fast and reach the desired weight at an early age when 
less fat was required to meet the grade standards. 
Koch ^ t a^. (1982) reported that genetic increases in growth rate 
favor growth of lean tissue relative to fat, and environmental increases in 
growth rate favor growth of fat tissue relative to lean. 
Hendrickson et al. (1959) fed calves to gain moderately and rapidly. 
Results show that calves fed to gain moderately, as compared to rapidly, 
required about 60 days longer to reach final weight and were not more 
efficient than full-fed calves due to a longer feeding period. Moderate 
gaining cattle, graded lower, had less external fat and marbling but 
contained about 6% more lean. Yield of wholesale cuts per cwt. of carcass 
was little affected by treatment. 
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Butts ^ it al. (1980) reported that the major source of variation in 
yield grade of slaughter animals is associated with time of slaughter 
rather than with inherent differences among animals in carcass merit. 
The effects of length of time on feed on various carcass characteris­
tics were studied by Zinn ^ t al. (1962). It was found that as length of 
time on feed increased, carcass quality grade of the cattle increased. The 
increased carcass grade was found to be accompanied by an increase in 
marbling score and percent trimmable carcass fat. These workers also found 
a corresponding decrease in trimmed primal cuts of the carcass resulting 
from the extended period. 
Steers with a range of initial weights from 461.5 lb.-530.1 lb. were 
placed in a feedlot and studied by Zinn et al. (1970). These workers found 
that steers required 120 days on feed to attain an increase of one full 
grade from average standard to average good. Ninety additional days (150 
to 210) were required for steers to reach low choice. They also reported 
an increase of average daily gain with increasing time on feed up to 
180 days. 
Results reported by Tatum et al. (1980).on cattle of the same frame 
size and muscling, fed for 100, 130, or 160 days and slaughtered at approx­
imately the same live weight, showed that increased feeding time from 
100 days to 160 days was associated with increased carcass maturity, 
increased fat deposition (subcutaneous, internal, and intramuscular), 
decreased yield grade, and an increase in the percentage of carcasses 
grading U.S. Choice. 
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Guenther al. (1965) reported that ribeye area was affected by 
changes in animal age and carcass weight and increased in a curvilinear 
manner as the animals matured. Davis (1963) found that ribeye area in 
relation to carcass weight tended to diminish with increasing age of the 
cattle from 17 to 21-25 months. 
Variation in the composition of cattle carcasses is probably more of 
an effect of slaughter weight, especially if expressed as a proportion of 
mature body weight (Preston, 1971). Preston found a relationship between 
final body weight and carcass weight where 92% of the variation in final 
body fat was associated with the variation in final carcass weight, leaving 
8% of the variation in final body fat to be due to other factors. 
Knapp e^ al. (1942) concluded that approximately 80% of the differ­
ences in carcass grades could be accounted for by differences in initial 
weight and total gains while on feed. Hankins and Burk (1938) found that 
initial weight when cattle were started on feed and rate of gain were 
minor influences on carcass grade but that total gain was a major 
influence. 
Housing effects on carcass traits 
For feedlot cattle, the degree of exposure or protection from direct 
climatic stress is dependent on the type of housing system used. Produc­
tion traits and their resulting effects on carcass traits are directly 
related to the ability of a housing system to control an animal's environ­
ment. 
Conditions under which animals are housed produce large variations in 
weight gains and the character of meat-productivity formation, according to 
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Polvektov and Levantin (1979). These researchers studied finishing young 
calves from 4 months to 7 months of age in both shelter and confinement 
systems. The shelter consisted of a semi-open enclosure with a three-
sided loafing shed while the confinement consisted of a simplified building 
on slatted floors. 
Cattle were slaughtered at 975.1-999.7 lb. and 973.7-985.2 lb. per 
confinement and shelter groups, respectively. The results showed that 
sheltered cattle had less fat content in the carcass (9.4-10.1%) and that 
confinement cattle had a higher fat content (13.0-16.6%). Composition of 
body mass showed fat deposition in the meat to be 36% greater for confine­
ment cattle. Body mass for cattle housed in the shelter system contained 
6-14% more water. 
Results of six trials at the Allee Research Center near Newell, Iowa, 
as reported by Hoffman and Self (1970), indicated the effects of raising 
beef feedlot cattle with shelter versus no shelter during the summer 
months. In all trials, average daily gain was consistently depressed from 
a low of 3% to a high of 7% for the no shelter group, and average daily 
feed intake was slightly depressed by 1.0% (25.6 lb. vs. 25.32 lb.). The 
workers found that the type of housing had no significant effect on average 
carcass grade. 
Koch e^ al_. (1962) , of the Kansas Station, fed yearling steers from 
March to July in concrete lots with shelter available and in dirt lots with 
no shelter. Average daily gain for the no shelter cattle was depressed 7% 
(2.33 lb. vs. 2.71 lb.). Average carcass grade was increased 7% of a grade 
for the no shelter group. 
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A study by Embry et al. (1968), of the South Dakota Station, fed steer 
calves from April to August in open and sheltered lots. Average daily gain 
was depressed 2% (2.77 lb. vs. 2.72 lb.), and average carcass grade 
increased 40% of a grade for the no shelter group. 
Klosterman al. (1964), of the Ohio Station, compared cattle housed 
completely under a roof with open sides and provided with bedding to a 
no housing or open group that had no shelter or bedding. Both groups were 
fed from February to July. Average daily gain for the no shelter group was 
depressed 7%, and average carcass grade was depressed 33% of a grade. The 
large depression of carcass grade differed from the Iowa, Kansas, and South 
Dakota trials. 
Seven years of shelter versus no shelter studies in Iowa, Kansas, 
South Dakota, and Ohio were summarized by Henderson and Geasler (1968). 
They concluded that when cattle were full-fed with no shelter under midwest 
climatic conditions during summer months, daily gain will likely be 
depressed 5% with no adverse affect on carcass grade. 
Dyer e^ al. (1972) fed cattle from March to August under the following 
housing conditions: (1) outside lot with shade, (2) outside lot without 
shade, (3) open-front and rear confinement, and (4) two totally enclosed 
confinement barns, one with an evaporative cooler and one without. Cattle 
gained faster (2.62 lb. vs. 2.47 lb.) and were more efficient in the shaded 
lot than in the nonshaded lot. The totally enclosed lots gained signifi­
cantly less than the open-front and rear confinement and outside lots. 
Cattle housed in the open-front and rear confinement barns had carcasses 
that graded significantly higher than all others. 
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In a winter trial. Dyer e^ a±. (1972) fed cattle from December to 
March under the following housing conditions: (1) outside lot with a 
mound, (2) outside lot without a mound, (3) open-front confinement, and 
(4) enclosed barn vented by an exhaust fan. Outside cattle gained faster 
than the open-front confinement cattle, and the totally enclosed barn had 
significantly greater gains and U.S.D.A. carcass grades than the outside 
cattle. 
Yearling steers were full-fed a finishing ration during the fall, 
winter, and spring by Henderson (1968) to study the effect of housing and 
environmental systems on average daily gain, feed efficiency, and carcass 
quality. The housing and environmental treatments were as follows; 
(1) concrete lot, 49% under roof with bedding, (2) earthen lot with no 
housing, windbreak, sunshade, or bedding for the first half and treatment 
(1) for the last half, and (3) earthen lot with no housing, windbreak, 
sunshade, or bedding. Average daily gains for treatments (1), (2), and (3) 
were 2.32 lb., 2.16 lb., and 2.09 lb., respectively. There was a signifi­
cant difference between treatments (1) and (3) for average daily gain 
(P<.05). Total dry matter consumed per 220.5 lb. gain for treatments (1), 
(2), and (3) was 1574.4 lb., 1768.4 lb., and 1847.8 lb., respectively. The 
length of the feeding period to 1166 lb. was 201, 216, and 230 days, 
respectively, for treatments (1), (2), and (3). Carcass grade, marbling, 
ribeye area, and carcass price favored treatment (3) followed by (2). All 
factors making up cutability with the exception of ribeye area favored 
treatment (1) followed by treatment (2). Henderson concluded that carcass 
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quality was more closely associated with length of feeding period than 
average daily gain while on feed. 
Henderson and Purser (1968) compared finishing steers that were fed 
from November to June, inside, bedded, and completely under roof with 
steers wintered outside in dirt lots and with steers group fed outside 
from November to March then moved inside from March to June. The average 
daily gain for outside fed cattle, when compared to inside fed cattle, was 
significantly depressed 10% (2.32 lb. vs. 2.08 lb.). For the switched 
midway group, average daily gain was significantly depressed 7% (2.32 lb. 
vs. 2.15 lb.). All cattle were fed to approximately the same final 
weight, with the outside group requiring 30 days longer on feed than the 
inside group and the switched group requiring 15 additional days. The 
average carcass grade was low choice, low choice, and middle choice for 
inside, switched midway, and outside groups, respectively. It was 
concluded that the average carcass grade differences were due to differ­
ence in the length of feeding period and not to housing per se. 
Hoffman and Self (1970) have reported the results of six trials 
conducted during the winter months with yearling steers at the Allee 
Research Center located near Newell, Iowa. Data comparing shelter raised 
cattle to cattle having no shelter showed that average daily gain was 
consistently depressed from a low of 9% to a high of 18%, with an average 
of 13% for the no shelter group. The no shelter group also showed a slight 
depression of average daily feed intake and average final weight when fed 
for the same number of days. Average carcass grade was depressed from a 
low of 3% of a grade to a high of 33% of a grade with an average of 13% of 
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a grade depression for the no shelter group. All groups averaged between 
middle good and middle choice. 
70 
MATERIALS AND METHODS 
Experimental Procedure 
Yearling steers of predominantly British breeding weighing approxi­
mately 700 lb. were started on test at bimonthly intervals. The first 
steers were placed on test November 8, 1979, with subsequent groups going 
on test near the first of the month for January, March, May, July, 
September, and November 1980, 1981, 1982, 1983 and January, March, May, 
July, and September 1984. The exact ages of the cattle were not known; 
however, the cattle put on feed throughout the study reflect the age range 
of yearling cattle that are normally available to cattle producers in the 
midwest. The fact that all cattle were in the U.S.D.A. "A" maturity group 
when slaughtered reflects the fact that the cattle used in this study were 
not old cattle. The origin of the cattle varied, but the majority origi­
nated from Oklahoma and Iowa. Cattle were placed on test when it appeared 
that the cattle were over the stresses associated with shipment to the 
research center. This resulted in most individual test groups starting on 
test within several days following arrival up to two or three weeks after 
arrival. All steers were individually ear-tagged and implanted with a 
growth stimulant at the start of each trial. Following initial weighing, 
the cattle were sorted by weight and color pattern to three types of 
housing facilities. Each of the three housing treatments were provided 
with approximately 20 steers per pen. Each treatment was replicated and 
had approximately 40 cattle per treatment and, thus, about 120 steers per 
trial. Following the start of the first three tirais, there were about 
360 steers on test at any given time. Customarily, individual steer 
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weights were obtained the first Tuesday of each month at 28- or 35—day 
intervals, but there were exceptions due to weather and other factors. 
Weights were obtained in all cases in the morning, and the lots were 
weighed in the same lot sequence. Each weigh period was considered to 
represent a different stage of feeding. Depending on when the cattle were 
started on test, the month represented by each period varied (Table 1). 
Following the cattle started in November 1979 and January and March 1980, 
there were three different periods represented under each month of the 
year. This was a result of an average test feeding length of six periods. 
The experiment was set up in a 3 x 6 factorial arrangement and replicated 
over five years. Eighteen treatment groups were formulated from the six 
months cattle were put on feed and from the three types of housing avail­
able. 
The first type of housing system consisted of outside lots without 
overhead shelter and side enclosure, but there was a 10-foot wooden fence 
which prevented direct exposure to winds on the north side of the lots. 
The lots were 100 x 35 feet wide and oriented in a north-south direction 
with a 4% slope to the south. In all instances, cement was provided around 
the waterers, feeders, and high traffic areas. Water for drinking was 
supplied by automatic waterers set up in the fence line between every two 
pens. The fence line was made of steel cable strands on the south, east, 
and west sides and was supported by wooden posts at nine feet intervals. 
On one side of each of the lots, the cattle were provided with wooden feed 
bunks providing a feeding space area of 1.5 to 2.0 ft./steer. A 12-foot 
driveway was available between each pair of pens and provided enough space 
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Table 1. Month by period and month on test 
Period 
Month started on test 
Nov. Jan. March May July Sept. 
1 Nov. Jan. March May July Sept. 
2 Dec. Feb. April June Aug. Oct. 
3 Jan. March May July Sept. Nov. 
4 Feb. April June Aug. Oct. Dec. 
5 March May July Sept. Nov. Jan. 
6 April June Aug. Oct. Dec. Feb. 
for a tractor and feed wagon to unload feed into the bunks. The cattle in 
the outside lots without access to shelter were provided with about 
175 sq. ft. surface area per animal. 
Another type of facility used consisted of outside lots with access to 
overhead shelter having enclosures on all sides except on the south side 
from which the cattle could move into and out of the barn. The barn 
provided the steers with an additional 45 sq. ft. of space per head beyond 
that provided by the outside lots. 
Two lots were oriented in a west-east direction and were similar to 
those lots oriented north-south in surface type and square feet of floor 
surface area per animal. These two lots were used as outside lots with or 
without shelter. 
The third type of housing system consisted of two semi-enclosed 
confinement barns, 80 x 40 and 120 x 40 feet, containing four and seven 
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pens, respectively. The floor surface was either a sloping solid concrete 
floor with flush flumes, slots over a multiflume floor, or slots over a 
shallow pit. The space in the confinement units provided about 21 sq. ft. 
of floor area per steer. The buildings were covered on the north, east, 
and west sides with ribbed aluminum siding incorporated with a 1.5 in. 
layer of styrofoam insulation and vapor barrier. On the north side, within 
the buildings, a 16-foot drive was provided for feeding. The concrete feed 
bunks provided 11 in. of feeding space per steer. Automatic waterers were 
also accèssible to the cattle along the fence line between each pair of 
lots. Depending upon the floor design, manure materials were either 
continuously or periodically flushed into a lagoon located to the south of 
the buildings. 
Upon arrival at the research center, cattle were all proved with whole 
plant corn silage, which was fed libitum until cattle were placed on 
test. Following the start of the trial, all steers were provided with the 
same diet which was based on total digestible nutrient values established 
by the NRC (1976). High moisture corn grain provided 85% of the energy, 
with the remaining energy being derived from whole plant corn silage and 
protein supplement. A protein, vitamin, and mineral supplement was 
provided to fulfill the dietary requirements. The complete mixed ration 
was fed once daily in the morning in fence line feed bunks. 
The procedures utilized for weighing and feeding the cattle allowed 
for daily monitoring of feed consumption, average dally gain, and feed 
conversion for each lot of cattle. Since each test group of cattle 
required a total of six pens, and a total of 18 pens were equally available 
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across all three housing systems, it was essential that any test group of 
cattle be removed and taken for processing into beef by the end of 180 days 
on feed. Since it was Intended that each test group of cattle would be 
processed when it was judged that 75 to 80% of all cattle would make the 
U.S.D.A. Choice grade, it was necessary that the opportunity to achieve 
this grading standard fell within the six-month feeding period. 
Once the cattle had reached their termination points, steers were 
weighed and then transported to a commercial packing plant for processing. 
Following an overnight chill, carcass data were obtained. Packing house 
determined hot carcass weights were recorded, and percent kidney, pelvic 
and heart fat, yield, and quality grades were obtained from an U.S.D.A. 
grader for each individual carcass. Simultaneously, ribeye area and 
backfat measurements were collected on the left side of the carcass between 
the 12th and 13th ribs. Ribeye area was determined by measuring each 
ribeye with an Iowa State University plastic ribeye grid which was cali- < 
brated in square inches. The grid also contained a ruler which was used to 
measure the nonadiusted backfat thickness in inches over the ribeye three-
fourths of the length of the ribeye from its chine bone end. All ribeye 
and backfat measurements were performed by individuals instructed in the 
proper techniques of measuring the ribeye area and backfat thickness. 
Statistical Methods 
Data from (3571) steers were analyzed by the analysis of variance 
procedure. 
Year effects were not removed from the statistical models used because 
each year was considered as a replication. 
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On the four occasions that the feeding duration extended for seven 
periods, period 6 and period 7 values were combined and averaged to give a 
single period 6 value. 
On the four occasions that the feeding duration consisted of only five 
periods, period 6 values were computer generated. In the process of 
performing an operation on missing values, average yearly feed conversion 
values were averaged over five years to obtain a single feed conversion 
value in each main effect and interaction category for the period data. 
Due to the equal importance placed on excessive and normal feed conversion 
ratios by the computer program, computer generated values were sometimes 
very abnormal. 
In period 2 of year five, shelterless cattle gained an extremely small 
amount of weight in relation to the feed consumed, resulting in an exces­
sive feed conversion ratio which caused a very high average five-year feed 
conversion ratio to be calculated for shelterless cattle. In all periods, 
inflated values were a result of a similar process. 
An analysis of co-variance was made to determine if the initial weight 
of steers had an affect on feed consumption, average daily gains, feed 
conversion, and carcass traits. Results indicated that no adjustments for 
initial weight were necessary. 
The least significant difference test and the student's t-test were 
used to test for difference between means. 
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RESULTS AND DISCUSSION 
Feedlot Performance 
Feed consumption 
Feed consumption was significantly affected by the main effects of 
year (P<.0001), month (P<.0001), and housing (P<.0001), along with the 
interactions of year x month (P<.0001) and month x housing (P<.0002) 
Table 2b). From the F values, one can observe that housing had much more 
effect on feed consumption than any other factor. 
Across housing treatments, the month effects on average daily dry 
matter consumption (Table 3) indicate that the highest intake of dry matter 
was recorded for cattle started on feed in May (P<.05). This can be 
observed more clearly by viewing (Figure 1). The intake for May cattle was 
11.32% higher than the lowest daily dry matter consumption recorded for 
cattle started on feed in November. Cattle starting on feed in March and 
September had similar and the next highest intakes. Mean differences were 
not significant between the intake values for January, July, and September 
started cattle. 
Cattle started on test in March and May were fed during a majority of 
summer months (Table 1) during which time temperatures are warmer than 
other times of the year. These findings are not in agreement with those 
researchers that have found that heat stress decreases feed consumption 
(Johnson et al., 1960; Johnson, 1967; Baumgardt, 1969; Fuller, 1969; 
Colditz and Kellaway, 1972; Christopherson and Thompson, 1973; Curtis, 
1983a; Joshi, 1983). Exactly why an increase in feed consumption occurs 
during these warmer months is not totally clear. 
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Table 2a. Model analysis of variance for feed consumption 
Source of variation df SS MS F value P>F 
Model 89 339.128 3.810 14.99 0.0001 
Error 90 22.877 0.254 
Corrected total 179 362.005 
Table 2b. Analysis of variance of unweighted means for feed consumption 
Source of variation df SS MS F value P>F 
Year 4 91.372 22.84 89.87 0.0001 
Month 5 48.872 9.77 38.45 0.0001 
Housing 2 107.255 53.63 210.98 0.0001 
Year x Month 20 69.998 3.50 13.77 0.0001 
Year x Housing 8 2.606 0.32 1.28 0.2630 
Month X Housing 10 9.727 0.97 3.83 0.0002 
Year x Month x Housing 40 9.298 0.23 0.91 0.6159 
Cattle started on test in November were fed during a majority of 
winter months (Table 1) during which time temperatures are colder than 
other times of the year. The observed lower feed intakes during this 
period are in agreement with Milligan and Christson (1974) who reported 
that daily feed intakes on a body weight basis were lower in the winter 
than any other season. These researchers cited reduced water intake and 
reduced digestibility of feedstuffs as a possible explanation. It is 
conceivable that during periods of severe weather, cattle become reluctant 
to leave a huddle group or comfort area to eat at the feed bunk. The 
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Table 3. Consumption by housing and month on test* 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 16.12*^'®'^ 15.68®'^'® 14.57*1 15.46° 
Jan. June 17.27^ 16.40*^'*^ 15.41^3 16.36* 
Mar. Aug. 17.44®'^ 17.34^ 15.18®^ 16.66™ 
May Oct. 18.12* 17.29^ 16.22*^'® 17.21^ 
July Dec. 17.16^ 16.43^'^ 15.46^'® 16.35* 
Sept. Feb. 16.96^*'^ 17.31^ 15.38® 16.55™'* 
Avg. 17.18^ 16.74] 15.37^ 
a , b , c , d , e , f ^  c o l u m n  w i t h  d i f f e r e n t  s u p e r ­
scripts differ (P<.05). 
^'j'^eans with different superscripts differ (P<.05). 
I'^'U'O^gg^j^g ^ith different superscripts differ (P<.05). 
*Average daily dry matter (lb.). 
reluctance to eat frozen or ice and snow covered feed is another possibil­
ity for decreased consumption. However. Baumggrdt (1969) notes that the 
temperature of feedstuffs is important only insofar as it affects the 
chemical and nutritive stability of the feed. According to this 
researcher, any effects on feed intake are not due to the temperature and 
moisture per se but to the deteriorative changes they permit to take place 
in the feed. 
Across months, the housing effects on average daily dry matter 
consumption (Table 3) indicate that the highest intake of dry matter was 
recorded for cattle in the shelter treatment group (P<.05). Shelter cattle 
Figure 1. Month effect on cattle performance 
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had a 2.63% higher intake than shelterless cattle and a 11.78% higher 
intake than the confinement cattle. Shelterless cattle consumed 8.91% more 
dry matter than confinement cattle. Confinement cattle had the lowest 
overall daily dry matter consumption (Figure 2). In similar findings, Hegg 
^ al. (1974), in Minnesota, found that on a year-round basis, cattle with 
access to shelter consumed more feed than cattle in confinement. Jordan 
et al. (1977), in Canada, reported that on a year-round basis, cattle in 
outside pens significantly consumed more feed than cattle confined to an 
insulated forced air, ventilated, enclosed bam. 
Considering all of the month and housing combinations, cattle put on 
feed in May and provided with shelter had the highest recorded daily dry 
matter intake (Figure 3) when compared to shelterless and confinement fed 
cattle (P<.05). However, when compared within the shelter treatment, March 
and May starting cattle intakes did not differ significantly (Table 3). 
Comparing within each month cattle were started on test indicates that 
intakes for shelter and shelterless cattle were not significantly different 
for November, March, and September started cattle. Each housing treatment 
recorded their lowest intake reading for cattle started on feed in Novem­
ber. 
Confinement cattle put on feed in November had the lowest recorded 
daily dry matter intake when compared to the shelterless and the shelter 
cattle in any month and housing combination (Figure 3). However, when 
compared within the confinement treatment, intake for November and March 
started cattle did not differ significantly (Table 3). In addition, values 
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for cattle started on test in January, March, July, and September did not 
differ significantly. 
Comparing within months cattle were started on test, confinement fed 
cattle consistently had the lowest dally dry matter intakes. This might be 
a reflection of less than ideal environmental conditions that exist under 
confinement conditions. According to Bianca and Blaxter (1961), water 
vapor indoors is often greater than that of outdoor air, and as indicated 
by Morrison al. (1976), a consequence of this is a reduction in an 
animal's ability to dissipate heat, which may result in a decline in feed 
intake. Webster (1970) cites wet hair coats resulting from air being 
saturated with water vapor as the cause of reduced cold tolerance of cattle 
housed under a fully roofed barn. In conditions of heat stress, the high 
radiant energy exchange between animals and the higher average air tempera­
ture inside a building with cattle will increase the heat load on the 
cattle (Bianca and Blaxter, 1961), thus decreasing feed intake. 
The feeding period cattle were in significantly affected feed consump­
tion (P<.0001). Within each period; consumption was significantly affected 
by the main effects of year (P<.0001) and month (P<.0001) along with the 
month x housing interaction (P<.0001) (Table 4). Feed consumption was 
significantly affected by housing in all periods (period 1 P<.057; periods 
2-6 P<.0001). Similar studies have not been reported in the literature. 
Within period 1 and across all housing treatments (Table 5), cattle 
put on test in January and September had the highest dally dry matter 
consumption recorded (P<.05). January Intake values did not significantly 
differ from November and May started cattle. March and July started cattle 
Table 4. Analysis of variance presenting mean squares for feed consumption by periods 
Period Period 
Source df 1 2 3 4 5 df 6 
Model 21 13. 64* 11, .36* 15. 02* 21. 60* 23. 98* 21 20. 37* 
Error 158 1, .58 1, .53 1. 52 1. ,88 2, .01 116 1. 51 
Year 4 50. 55* 17, .64* 27. ,16* 26. 84* 42. 34* 4 29. 92* 
Month 5 14. 14* 12. 29* 15. ,67* 32. ,36* 30. 70* 5 24. 23* 
Housing 2 4. ,58** 44. ,15* 53. ,44* 81. ,01* 76. 75* 2 81, ,80* 
Month X Housing 10 4. ,96* 9. 00
 
00
 
*
 
11. 93* 
o
 
CM 36* 19. ,66* 10 
oo 
,12* 
*Slgnifleant (P<.0001). 
**Signlfleant (P<.057). 
Table 5. Consumption by period, housing, and month on test* 
Housing 
Period Shelter Shelterless Confinement Nov. Jan. 
1 14.31^*® 14.30^'^ 13.82^'^ 14.31^*3 14.50^'^*! 
2 17.04^»^ 16.55^'^ 15.38^'^'^ 15 97m,n,l 15.49^'^ 
3 17.69^'® 17.24^'® 15.88^'® 15.76^' 16.31^'^'^ 
4 17.80^*® 17.43^'® 15.63^'^'®'^ 15.14°'^ 16.60™'* 
5 17.94^'® 17.36^'® 15.76^»^»® 15.92™'! 17.26^'^ 
6 17.84^'® 16.94^'^'® 15.21^'^ 16.10^'! 17.94^*5 
Avg. 17.18^ 16.74^ 15.37*^ 15.46^ 16.36® 
^'^'Sleans with different superscripts differ (P<.05). 
»8jjgans with different superscripts differ (P<.05). 
^'^'^Means within a row with different superscripts differ (P<.05). 
k,l,m,n,o^^^^^ within a row with different superscripts differ (P<.05). 
P : q 3 r , w i t h  d i f f e r e n t  s u p e r s c r i p t s  d i f f e r  ( P < . 0 5 ) .  
^'^*3»^»^Means within a column with different superscripts differ 
(P<.05). 
6,7,8,9^ „ —1 with different superscripts differ (P<.05) 
*Average daily dry matter (lb.). 
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Month on test 
Avg. March May July Sept. 
13.46™' 1 14.32^'1 13.22™'^ 15.06^'1 14.14® 
16.42^'®'^ 17.13^^^ 15.96^'™'^ 16.98^'1'2'3 16.32^ 
17.24^'^ 17.36^'^ 17.48^'^ 17.46^'^ 16.94?'^ 
18.09^*4 17.49^'^*^ 17.59^,3 16.80^'™'^ 16.95P'9 
17.37^'^ 
Ir 3 
18.67 16.02™'2 16.88^'2*3 17.02? 
17.03™'*'^ .3 17.7lk,m,2 16.19^'^ 15.29°'1 16.66^ 
16.66^ 17.21® 16.35® 16.55®'^ 
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had the lowest feed Intakes recorded (P<.05). Thus, the feed Intake for 
cattle in their beginning stage of feeding was most negatively affected by 
conditions that existed in March and July. Since conditions in July are 
usually hot, the low feed intake value at this time is in agreement with 
those researchers that have found that heat stress decreases feed consump­
tion (Johnson et al., 1960; Johnson, 1967; Baumgardt, 1969; Fuller, 1969; 
Colditz and Kellaway, 1972; Christopherson and Thompson, 1973; Curtis, 
1983a; Joshi, 1983). Exactly why a low value for feed consumption occurs 
during March is not totally clear. 
Within period 1 and across months (Table 5), shelter and shelterless 
treatment groups had the highest daily dry matter intake (P<.05). Confine­
ment cattle had the lowest daily dry matter intake (P<.05). 
By observing consumption data between housing types within period 1 
and within each specific month cattle went on test, results indicate that 
no significant difference for feed consumption exists between housing 
treatments within any month (Table 6). 
Within period 2 and across all housing treatments (Table 5), cattle 
in June and October had the highest daily dry matter consumptions recorded 
(P<.05). Cattle in December, February, and August had the lowest recorded 
feed consumption values (P<.05). Thus, the feed intake of cattle still in 
early stages of feeding is most negatively affected by conditions that 
exist in December, February, and August, which corresponds to cattle put on 
test in November, January, and July, respectively- Cattle put on test in 
July represent the only time of the year cattle in early stages of feeding 
(periods 1 and 2) are subjected to months that are traditionally hot- The 
Table 6. Consumption by month on test, housing, and period* 
Month 
on test Housing 1 2 3 
Nov. Shelter 14. 16.38*^'®'^'® 16.59'^*®'^'® 
Shelterless 14.61^'^'^ 16.48^'®'^ 15.88^'®'^ 
Confinement 13.84^'^'® 15.04^'^ 14.83^ 
J an. Shelter 
Shelterless 
14.46^'^'^ 
14.50^*^»° 
16.11*^'®'^'^*^ 
15.64®*^*®*^*^ 
16.90*^'^'®'^ 
16.41®'^»® 
Confinement 14.54^'^'^ 14.71^ 15.62®'^ 
March Shelter 17.04^*^^'^ 17.79a,b,c 
Shelterless 13. 16.72^'^'® 18.10^ 
Confinement 12.99*^*® 15.50^'®*^*^ 15.83^'®'^ 
May Shelter 
Shelterless 
Confinement 
14.44^'^'*^ 
14.42^'^'^ 
14.09^'^'^ 
18.14^ 
16.91^'^'^ 
16.35*^'®'^'^ 
18.46^ 
16.98^'^'^'® 
16.63'^'®'^'® 
July Shelter 
Shelterless 
Confinement 
13.57*^'^'® 
13.16*^*® 
12.92® 
16.88^'*^''^ 
15.70®'^'®'^'^ 
15.30°'"'' 
18.33^ 
17.66^'^'^'^ 
16.46®'""'° 
Sept. Shelter 15.18^'^ 17 72a,b,c 18.07^*^ 
Shelterless 
Confinement 
15.44^ 
14.56^'^'^ 
17.87®'^ 
15.34®'^'^ 
18.42^ 
15.90®'^*®'^ 
a,b,c,d,e,f ,g,h,i, j ^ column with different superscripts 
differ (P<.05). 
^Average daily dry matter (lb.). 
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Period 
Avg. 
16.06^*8 17.06^'^ 16.12^'®'^ 
15.49® 16.14®'^'^'^*^ 16.12^'^'^ 15.68®'^'® 
13.89^ 15.06^ 15.12^'^ 14.57^ 
17.65^'^'^ 18.73^*^''^ 19.94^ 17.27^ 
16.65®'^'® 17.29*^'®'^'® 17.77^'^'®'^ 16.40^^'^ 
15.50® 15.76^'^'^ 16.12^'^ 15.41^'® 
19.03^'^ 18.52^'^*^ 18.38^'^ 17.44*'^ 
19.26* 18.11^»^''^'® 17.78*»'^'® 17.34^ 
15.96^'® 15.47^'^ 14.94^'® 15.18®'^ 
18.12* 18.33*'^'^''^ 19.81* 18.83*^'® 
17.56'^*'^'® 19.11*'^ 18.16*'® 
16.57®*^*° 17.09®'^'®'^ 16.14^'^ 16.22^'® 
17.29^ 
18.57*'^'*^ 16.93®'^'®'^'^ 16.98^'®'^'^ 17.16^ 
17.90^*'^''^ 15.92^'^'^'^ 16.21*'^'^'^ 16.43*^'^ 
16.31^'® 15.23* 15.39^'^^ 15.46^'® 
17.16^'®'^ 17.06®'^'®'^ 16.07*'^'^ 16.96^'^^ 
17.70f'^'® 17.63^*^'®'^ 15.93^'^'^'^ 17.31^ 
15.53® 15.93^'^'^ 13.87® 15.38® 
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low feed intake values recorded for cattle subjected to July and August 
conditions further reflects the effects of hot temperatures on feed 
consumption in cattle. According to Sharma and Kehar (1961), in India, as 
the environmental temperature approaches or goes above body temperature, a 
mammal finds it difficult to dissipate heat. These researchers report that 
since the heat increment of feeding is large, particularly in ruminants, a 
reduced feed intake occurs with increasing environmental temperature in 
order to decrease the heat production that is associated with feeding. It 
was also indicated that at high relative humidity with temperatures above 
80®F, feed consumption declined even further as a result of an increased 
difficulty to dissipate heat by surface vaporization. 
Cattle put on test in November and January represent the only time of 
the year cattle in early stages of feeding (periods 1 and 2) are subjected 
to months that are traditionally cold. Observed daily feed intakes 
indicate that cattle in early stages of feeding are adversely affected by 
cold temperatures. 
The environmental conditions that exist in January, June, September, 
and October seem to have the least negative effects on the feed intake of 
cattle in periods 1, 2, 1, and 2, respectively. May started cattle start 
out with a significantly lower daily dry matter intake, but by period 2 
(June), they have achieved the same level of feed intake as period 2 in the 
September started cattle group. Similar findings were reported by Johnson 
e£ al. (1961), in Louisiana, where they observed heifers exposed to 
environmental stress. Decreases in dry matter intake were seen for the 
first 20 days after exposure to heat stress, and increases in dry matter 
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Intake were seen during the second 20 days of exposure. Acclimatization of 
animals to changing environment was essential in maintaining high levels of 
production in their study. 
Within period 2 and across months (Table 5), the housing effects on 
dry matter consumption indicate that shelter cattle had the highest intake 
of dry matter recorded (P<.05). Confinement cattle had the lowest recorded 
daily dry matter consumption (P<.05). Thus, on a year-round basis, cattle 
in the period 2 stage of feeding consume more feed when provided with 
access to overhead shelter. There are no benefits arising from the feeding 
of cattle in confinement in terms of affecting daily dry matter intake 
during period 2. 
Within period 2, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
had an advantage in recorded daily dry matter intakes over the other 
housing treatments in June and August (P<.05; Table 6), which represent 
cattle that went on test in May and July, respectively. Compared to 
shelter and shelterless groups ^ confinement fed cattle had significantly 
lower (P<.05) values in the months of December, April, and October 
(Table 6), which represents cattle put on test in November, March, and 
September, respectively. In the months of December, April, and October, 
access to overhead shelter or windbreak was sufficient in maintaining a 
high daily feed intake. 
Within period 3 and across housing treatments, the month effects on 
average daily dry matter consumption (Table 5) indicate that the highest 
Intake of dry matter (P<.05) was recorded for cattle in May, July, 
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September, and November, their mean differences being nonsignificant. 
Thus, the individual set of conditions that exists in each of these months 
that may have an affect on daily feed intake during period 3 were similar. 
The months that had the lowest daily dry matter readings for period 3 were 
January and March (P<.05). Therefore, the conditions that existed during 
these months had the most adverse affects on daily dry matter consumption. 
Cattle in period 3 are older cattle than cattle in periods 1 and 2; 
thus, they should have greater capacity to adapt to climatic conditions. 
Presumably this is why less variation in feed intake exists in period 3 
than it did in periods 1 and 2. Increases in heat tolerance with advancing 
age have been reported for Jersey and Sindhi-Jersey crossbreds in Louisiana 
(Schein et al., 1957). Klemm and Robinson (1955), in Australia, saw 
increases in heat tolerance in cattle from ages 2 to 12 months. Mount 
(1982) reported that older, larger beef animals had an advantage over 
younger, smaller animals in cold tolerance. 
Within period 3 and across months (Table 5), the housing effects on 
dry matter consumption indicate that shelter cattle had the highest intake 
of dry matter (P<.05). The lowest intake of dry matter was recorded for 
cattle in the confinement treatment group (P<.05). Thus, on a year-round 
basis, cattle in the period 3 stage of feeding consume more feed when 
provided with access to overhead shelter. Feeding cattle in confinement 
provided no benefit in terms of affecting daily dry matter intake in 
period 3. 
Within period 3, considering all of the housing types within each 
specific month cattle when on test, cattle with access to overhead shelter 
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had an advantage in daily dry matter intake over the other housing treat­
ments in July (Table 6). Compared to shelter and shelterless groups, 
confinement fed cattle had significantly lower (P<.05) feed intake values 
in the months of May, September, and November, which represent cattle put 
on test in March, July, and September, respectively. In period 3, the most 
benefits in terms of maintaining a high daily feed intake from having 
access to overhead shelter was seen in the month of July. In the months of 
May, September, and November, access to either an overhead shelter or a 
windbreak was sufficient in maintaining a high daily feed intake. 
Within period 4 and across housing treatments, the month effects on 
average daily dry matter consumption (Table 5) indicate that the highest 
intake of dry matter was recorded for cattle in June, August, and October 
(P<.05), their mean differences being nonsignificant. Thus, the individual 
set of conditions that exist in each of these months that may have an 
affect on daily feed intake during period 4 do not differ significantly. 
The month that had the lowest daily dry matter reading for period 4 was 
February (P<.05). Thus, the conditions that existed during this month had 
the most adverse affects on daily dry matter consumption. 
Despite the traditional hotter weather seen in June and August, cattle 
in an intermediate stage of feeding can still consume large amounts of 
feed. The feed intake for cattle in period 4 seems to be more adversely 
affected by colder months than by warmer ones. According to McDowell 
(1958), the ability of animals to perform satisfactorily under hot condi­
tions is due to: (1) differences in the capability of promoting heat loss; 
(2) differences in the efficiency of energy utilization; and (3) the 
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ability to tolerate compensatory response, such as a rise in rectal temper­
ature or respiratory activity. All animals possess some degree of adapt­
ability, but animals that continue to produce well under hot conditions 
could conceivably have both the capability of increasing heat loss and 
decreasing heat production. 
Within period 4 and across months (Table 5), the housing effects on 
dry matter consumption indicate that shelter and shelterless cattle had the 
highest intake of dry matter recorded (P<.05). Cattle with access to 
either a shelter or a windbreak consume more dry matter on a daily basis 
than confinement fed cattle in period 4 (P<.05); thus, there are no 
benefits derived from confinement feeding cattle in terms of affecting 
daily dry matter intake in period 4. 
Within period 4, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
had no significant advantage in dry matter intake over shelterless cattle 
(Table 6). However, shelter and shelterless cattle were significantly 
higher in their dry matter intakes than confinement cattle in the months of 
February, June, October, and December, which represent cattle put on test 
in November, March, July, and September, respectively. Consequently, there 
is no benefit in terms of maintaining a high degree of feed intake by 
feeding cattle in confinement during the months of February, June, October, 
and December, if the cattle are in the period 4 stage of feeding. In April 
and August, representing cattle put on test in January and May, respec­
tively, shelterless cattle did not significantly differ with the feed 
intake values of both confinement and shelter cattle. However, confinement 
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cattle had significantly lower feed intake values than cattle provided 
shelter (P<.05). Therefore, shelterless cattle had no significant advan­
tage over confinement cattle in terms of daily dry matter intake in the 
months of April and August during period 4. 
Within period 5 and across all housing treatments (Table 5), cattle in 
September had the highest daily dry matter consumption (P<.05). Cattle in 
March and November had the lowest recorded feed consumption values (P<.05). 
Thus, feed intake for cattle in period 5 is most negatively affected by 
conditions that exist in March and November, which represents cattle put on 
feed in November and July, respectively. Environmental conditions that 
exist in January, May, and July have equal effect on cattle in period 5 in 
terms of affecting their feed intake. 
Within period 5 and across months (Table 5), the housing effects on 
dry matter consumption indicate that shelter cattle had the highest intake 
of dry matter (P<.05). The lowest intake of dry matter was recorded for 
cattle in the confinement treatment group (P<.05). Thus, on a year-round 
basis, cattle In the period 5 Stage of feeding consume tnore feed when 
provided with access to overhead shelter. When compared to the other 
housing treatments, feeding cattle in confinement provided no benefits in 
terms of affecting daily dry matter intake in period 5. 
Within period 5, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
had an advantage in recorded daily dry matter intake over the other housing 
treatments in May (Table 6). Compared to both shelter and shelterless 
groups, confinement fed cattle had significantly lower (P<.05) feed intake 
values in the months of July, September, and January, which represents 
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cattle put on test in March, May, and September, respectively. Therefore, 
there is no benefit in terms of maintaining a high degree of feed intake by 
feeding cattle in confinement during the months of May, July, September, 
and January if the cattle are in the period 5 stage of feeding. In March 
and November, corresponding to cattle put on feed in November and July, 
respectively, shelterless cattle did not significantly differ with the feed 
intake values of either confinement and shelter cattle; however, confine­
ment cattle had significantly lower feed intake values than shelter cattle 
(P<.05). In period 5, the most benefits in terms of maintaining a high 
daily feed intake, from having access to overhead shelter, was seen in the 
month of May. In the months of July, September, and January, access to 
either an overhead shelter or a windbreak was sufficient in maintaining a 
high daily feed intake. 
Within period 6 and across all housing treatments (Table 5), cattle 
in June and October had the highest daily dry matter consumption (P<.05). 
Mean differences were not significant between the intake values for August 
and October. Cattle in February had the lowest recorded feed consumption 
value (P<.05). Thus, feed intake for cattle nearing their slaughter weight 
is most negatively affected by conditions that exist in February, a month 
traditionally associated with extremes in cold. Two of the months associ­
ated with providing favorable conditions for feed intake of heavy weight 
cattle, June and October, are usually not associated with extremes of 
either heat or cold; August, however, is traditionally associated with 
extremes of heat. Presumably from these findings, cattle in their final 
stages of feeding under midwestern feedlot conditions are more likely to be 
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adversely affected by conditions that exist In months known for their 
extremes In cold, rather than In months known for their extremes in heat. 
Within period 6 and across months (Table 5), the housing effects on 
dry matter consumption indicate that shelter cattle had the highest intake 
of dry matter recorded (P<.05). The lowest intake of dry matter was 
recorded for cattle in the confinement treatment group (P<.05). Therefore, 
on a year-round basis, cattle in the final stages of feeding consume more 
feed when provided with access to overhead shelter. When compared to the 
other housing treatments, feeding cattle in confinement provides no 
benefits in terms of affecting daily dry matter intake in period 6. 
Within period 6, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
had an advantage in daily dry matter intake over the other housing treat­
ments in June (Table 6). Compared to shelter and shelterless groups, 
confinement fed cattle had significantly lower (P<.05) feed intake values 
in the months of August, October, and February (Table 6), which represents 
cattle put on test in March. May. and September, respectively. Conse­
quently, there is no benefit in terms of maintaining a high degree of feed 
intake by feeding cattle in confinement during the months of August, 
October, and February, if the cattle are in the period 6 stage of feeding. 
In April and December, corresponding to cattle put on feed in November and 
July, respectively, shelterless cattle did not significantly differ with 
feed intake values of either confinement and shelter fed cattle; however, 
confinement cattle had significantly lower feed intake values than shelter 
cattle (P<.05). In period 6, the most benefits in terms of maintaining a 
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high daily feed Intake from having access to overhead shelter was seen in 
the month of June. In the months of August, October, and February, access 
to either a shelter or a windbreak was sufficient in maintaining a high 
dally feed intake. 
The housing x period interaction was significant (P<.0001), this 
enabling between period comparisons. Between all periods and within 
housing treatments, shelter cattle have equally high feed intake values for 
periods 3, 4, 5, and 6, their mean differences being nonsignificant 
(Table 5). Thus, cattle in middle and later stages of feeding consume 
equally well under shelter conditions. Shelterless cattle have their 
highest feed intakes in periods 3, 4, 5, and 6, with mean differences being 
nonsignificant. Therefore, cattle in middle and later stages of the 
feeding period consume essentially the same under no shelter conditions. 
Confinement cattle show the same consumption patterns during periods 3, 4, 
and 5, with mean differences being nonsignificant. 
These data indicate that cattle fed across all months in periods 3, 4, 
and 5 will consume essentially the same amounts of dry matter per day if 
provided with the same housing conditions. All housing treatments experi­
enced their lowest intakes in period 1. 
The month x period interaction was significant (P<.0001), this 
enabling between period comparisons. Between all periods and within months 
cattle were started on test, a majority of the highest feed consumptions 
was recorded in periods 4, 5, or 6 (Table 5). Regardless of the month 
cattle were started on test, period 1 cattle had the lowest recorded dry 
matter Intakes (Figure 4). 
Figure 4. Average daily dry matter consumption (lb.) by month and period 
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Since a high growth rate requires high feed intake, an objective of 
good management should be to select a time period during the year that 
allows for maximum daily dry matter consumption at each stage of feeding. 
The results indicate that May started cattle contain five out of six of the 
highest feed consumptions recorded within each period, thus giving them the 
overall highest feed intake (Table 5). 
The average consumption per period (Table 5) indicates that periods 3, 
4, and 5 have equally high feed intakes, with periods 3 and 4 not differing 
significantly with the feed intake value of period 6. This indicates that 
cattle in stages of feeding corresponding to periods 3, 4, and 5 are 
capable of maintaining their consumption under a variety of environmental 
conditions. The lowest recorded value for feed intake was recorded in 
period 1. 
Following the cattle started on test in November 1979 and January and 
March 1980, there were three different periods represented under each month 
of the year. Thus, it was possible to determine how cattle at different 
stages of feeding were affected, in terms of feed intake, by the conditions 
that exist during a certain month of the year. Results indicate that 
cattle in their last stages of feeding (period 5 or 6) consume more feed 
than the other periods in the months of January and September (P<.05) 
(Table 7). In November, cattle in their middle stages of feeding (period 3 
or 4) consume more feed than cattle in other stages of feeding (P<.05). 
Cattle in their middle and last stages of feeding do not differ signifi­
cantly between each other, but they do differ significantly (P<.05) 
from the cattle in their beginning stages of feeding (period 1 or 2) in the 
Table 7. Consumption by month on test and month of the year* 
Month 
on test Nov. Dec. Jan. Feb. March 
Nov. Period 
Consumption 
1 a 
14.31 
3 
15.76® 
4 
15.14 15.92® 
Jan. Period 
Consumption 
1 . 
14.50 
2 
15.49 
March Period 
Consumption 
1 h 
13.46 
May Period 
Consumption 
July Period 
Consumption 
5 ^ 
16.02® 16.19*'^ 
Sept. Period 
Consumption 
3 e 
17.46 
4 , 
16.80° 
5 
16.88*^ 
6 
15.29 
^'^'^eans within a column with different superscripts differ (P<.05). 
*Average daily dry matter (lb.). 
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Months of the year 
April May June July Aug. Sept. Oct. 
6 
16.10 
5 6 
16.60 17.26* 17.94* 
2 3 4 5 6 
16.42 17.24 18.09 17.37 17.03 
1. 2, 3 ^ 4 5 ^ 6 
14.32 17.13 17.36 17.49 18.67 17.71 
1 , 2 3 , 4 
13.22° 15.96 17.48° 17.59 
1 c 2 
15.06= 16.98 
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months of March, May, June, July, and August. In December, cattle in their 
beginning stage of feeding were significantly lower (P<.05) in their feed 
intake than cattle in their middle stage of feeding; however, they did not 
differ significantly from cattle in their last stage of feeding. Stage of 
feeding had no affect on feed consumption in the months of February, April, 
and October. Thus, for eight months out of the year, cattle in their 
beginning stages of feeding will consume the least amount of feed when 
compared to cattle in the other periods. An animal's inherent capacity to 
ingest and digest food limits its intake (Fuller, 1969). Consequently, an 
animal's age, size, and stage of acclimitization during periods 1 and 2 
probably have a more profound affect on the animal's ability to consume 
amounts of feed similar to consumptions in other periods than do the 
environmental conditions they are exposed to. 
In planning when to put cattle in the feedlot, a producer might 
consider at what times of the year the beginning cattle consume the most 
and if subsequent months have adequate or high levels of consumption. The 
producer should consider what stage the cattle will be in during each month 
of the feeding period in order to assure that each stage corresponds to a 
month that will assure optimal consumption. In considering all these 
criteria, one can observe why cattle put on feed in May will result in 
optimal consumption during most of the feeding period. 
Average daily gain 
Average daily gain was significantly affected by the main effects of 
year (P<.0001), month (P<.0001), and housing (P<.0001), along with the 
interactions of year x month (P<.0001), year x housing (P<.0001), month x 
106 
housing (P<.03), and year x month x housing (P<..0153; Table 8b). From 
the F values, one can observe that the month and housing effects had more 
influence on average daily gain than any other factors. 
Across housing treatments, the month effects on average daily gain 
(Table 9) indicate that the highest average daily gain (ADG) occurred for 
cattle starting on feed in May (P<.05). The ADG for May cattle was 37.27% 
higher than the lowest ADG recorded for cattle started on feed in November. 
Following the May started cattle, cattle starting on feed in March and July 
had similar and the next highest ADG (Figure 1). 
Cattle started on test in May were fed during a majority of summer 
months (Table 1) during which time temperatures are warmer than other times 
of the year. The observed higher gains for cattle fed for a majority of 
summer months, as compared to the lower gains seen for cattle fed during a 
majority of winter months, is in agreement with Boiling (1982). This 
researcher reported that the rates of gain for beef animals in Nebraska 
feedlots were most negatively affected by the direct effects of cold in 
combination with precipitation, rather than by the effects of heat stress. 
However, these findings are not in agreement with those researchers that 
have found that heat stress decreases ADG (Johnson et al., 1961; Ray et al., 
1969; Morrison and Prokop, 1983). 
Cattle started on test in November were fed during a majority of 
winter months (Table 1) during which time temperatures are colder than 
other times of the year. The observed lower average daily gains during 
this period are in agreement with Blaxter (1982) who reported that weight 
gain in a growing or finishing animal diminishes when an environment is 
sufficiently cold to elicit an increase in heat production in order to 
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Table 8a. Model analysis of variance for average daily gain 
Source of variation df SS MS F value P>F 
Model 89 31 .025 0.348 24.40 0 .0001 
Error 90 1 .286 0.014 
Corrected total 179 32 .311 
Table 8b. Analysis of variance of unweighted means for average daily gain 
Source of variation df SS MS F value P>F 
Year 4 1. 578 0.394 27. 61 0. 0001 
Month 5 17. 210 3.442 240. 88 0. 0001 
Housing 2 5. 578 2.789 195. 16 0. 0001 
Year x Month 20 4. 649 0.232 16. 27 0. 0001 
Year x Housing 8 0. 714 0.089 6. 25 0. 0001 
Month X Housing 10 0. 298 0.0298 2. 08 0. 0338 
Year x Month x Housing 40 0. 998 0.0250 1. 75 0. 0153 
maintain body temperature. According to Fuller (1974), when cattle are 
under environmental stress, protein can be diverted from synthetic 
processes to provide heat for thermoregulation with the consequence of 
impairing growth. This researcher indicates that exposing growing animals 
to cold environments increases energy expenditure, reducing the amount of 
energy which is available to provide the protein sparing effect. 
Across months, the housing effects on ADG (Table 9) indicate that the 
highest ADG was recorded for cattle in the shelter treatment group (P<.05). 
Shelter cattle had a 6,77% higher ADG than shelterless cattle and a 17.84% 
higher ADG than the confinement cattle. Shelterless cattle gained 10.37% 
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Table 9. Average daily gain (lb.) by housing and month on test 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 2.40®*^ 2.17® 2.02® 2.20° 
Jan. June 2.72^ 2.42® 2.21^*® 2.45™ 
Mar. Aug. 3.03^ 2.96^ 2.64*^ 2.88^ 
May Oct. 3.23* 3.10®'^ 2.73'^''= 3.02^ 
July Dec. 3.07*'^ 2.92^'*^ 2.72^ 2.91^ 
Sept. Feb. 2.58*^'® 2.42® 2.12® 2.37" 
Avg. 2.84^ 2.66^ 2.41^ 
a,b,c,d,e,fwithin a row and column with different superscripts 
differ (P<.05). 
^'^'^Means with different superscripts differ (P<.05). 
k,1,m,n,^^ith different superscripts differ (P<.05). 
more per day than confinement cattle; thus, confinement fed cattle had the 
lowest overall ADG (Figure 5). 
Shelter and shelterless treatments put on feed in May had the highest 
recorded ADG when compared to each season/housing combination within months 
P<.05; Figure 6). When compared within the shelter treatment, the cattle 
starting in May and July did not significantly differ in their average 
daily gains (Table 9). Within the shelterless treatment, March, May, and 
July starting cattle did not significantly differ in their ADG. Confine­
ment fed cattle had their highest ADG in March, May, and July started 
cattle. Comparing within months cattle were started on test, access to 
overhead shelter for cattle starting on test in November and January 
provided the conditions necessary to achieve an ADG above the levels of the 
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Figure 5. Housing effect on average daily gain 
Figure 6. Average daily gain (lb.) by month and housing type 
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other housing treatments. When placing cattle on feed In the months of 
March, May, July, and September, access to overhead shelter or a windbreak 
was sufficient in maintaining a higher average daily gain than confinement 
cattle. Consequently, shelter cattle gained no major advantage over 
shelterless cattle when fed for a majority of summer months. In partial 
agreement with these results. Bond and Laster (1975) report that cattle 
gains during midwest summer conditions showed no improvement from the use 
of overhead shelters. 
In a winter trial. Dyer et al. (1972) found that cattle fed outside 
without shelter gained faster than cattle in an open front confinement 
building. Hoffman and Self (1970) reported on the results of six trials 
conducted during Iowa winter months with yearling steers. Data comparing 
cattle with shelter to cattle having no shelter showed that ÂD6 was consis­
tently depressed from a low of 9% to a high of 18%, with an average of 13% 
for the no shelter group. 
The cattle feeding period significantly affected average daily gain 
(P<.0001). Within each period, ADG was significantly affected by the main 
effects of year (P<.05) and month (P<.0001) along with the month x housing 
interaction (P<.0001) (Table 10). Average daily gain was significantly 
affected by housing (P<.05) in all but period 6. Similar studies have not 
been reported in the literature. 
Within period 1 and across all housing treatments (Table 11), cattle 
put on test in May, July, and September recorded the highest average daily 
gains (P<.05). January started cattle had the lowest ADG (P<.05). Thus, 
the ADG for cattle in their beginning stage of feeding was most negatively 
affected by conditions that existed in January. 
Table 10. Analysis of variance presenting mean squares for average dally gains by periods 
Period Period 
Source df 1 2 3 4 5 df 6 
Model 21 2.52* 2.74* 2.83* 3.87* 2.63* 21 9.39* 
Error 158 0.38 0.49 0.44 0.39 0.44 116 1.56 
Year 4 3.53* 1.32*** 1.33*** 1.90** 1.08*** 4 8.74** 
Month 5 6.00* 7.45* 8.18* 12.16* 8.53* 5 27.55* 
Housing 2 1.46*** 4.79* 3.35** 3.41** 1.67*** 2 4.17 
Month X Housing 10 2.28* 3.08* 3.18* 4.33* 2.99* 10 9.54* 
^Significant {P<.0001), 
**Signiflcant (P<.01). 
***Significant (P<.05). 
Table 11. Average daily gain (lb.) by period, housing, and month on test 
Housing 
Period Shelter Shelterless Confinement Nov. Jan. 
1 3.39P 3.15'^ 3.09^ 2.98®' ^ 2.50^'^'^ 
2 3.I9P 3.02^ 2.64^ 2.56®'^ 2 lit,2,3 
3 2.83* 2.54"^ 2.36*^ 1.85"'^ 2.08^*^ 
4 2.62^ 2.52^ 2.17% 1.57^'^ 2.74r,s,l 
5 2.28^ 2.14^'^ 1.95^ 1.68^'^ 2.71^'^ 
6 2.35 2.25 1.79 2.47®*^ 2.36®'^'^ 
Avg. 2.84^ 2.66] 2.41^ 2.20° 2.45™ 
a,b,c,d^eans with different superscripts differ (P<.05). 
^^'^eans with different superscripts differ (P<.05). 
oceans with different superscripts differ (P<.05). 
^'"^Means within a row with different superscripts differ (P<.05). 
Ï",s,t,u^eans within a row with different superscripts differ (P<.05). 
I,2,3j4,5jj^^^g within a column with different superscripts differ 
(P<.05). 
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March 
Month on test 
May July Sept. Avg, 
3.06 
3.32 
3.17 
2 .62  
2.19 
2.53 
2.88^ 
s, 1 
r. 1 
r, 1 
3,2 
s,3 
3,2,3 
3.67 
3.18 
r, 1 
r.2 
2.7^s,t,3 
2.95Ï",2,3 
2.72^'^ 
3.04^*^'^ 
3.02^ 
3.44^'^ 
3.32r., 1,2 
1^,3,2 3.03 
3.03 
2.04 
2.01 
2.91^ 
r,2 
8,3 
s,3 
3.61^'^ 
3.20 
2.59 
1.71 
1.41 
r,2 
t,3 
t,4 
t,4 
0.028 
2.37" 
t.5 
3.21" 
2.95^ 
2.58^ 
2.44^ 
2.12^ 
2.13' 
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Within period 1 and across months (Table 11), the housing effects on 
ADG indicate that shelter cattle had the highest recorded average daily 
gains (P<.05), with confinement and shelterless cattle having equally low 
gains. Therefore, on a year-round basis, cattle in the first stage of 
feeding had the highest ADG when provided with access to overhead shelter. 
Within period 1, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
had an advantage in ADG over the confinement housing treatment in November 
(Table 12)« In January, shelter cattle had higher gains than shelterless -
cattle, but confinement cattle did not significantly differ from either 
shelterless or shelter cattle. In March, May, July, and September, housing 
had no significant effect on the cattle's ADG during their beginning stage 
of feeding. 
Within period 2 and across housing treatments, the month effects on 
ADG (Table 11) indicate that the highest ADG was recorded for cattle in 
April, June, August, and October (P<.05), their mean differences being 
nonsignificant. Thus, the conditions that exist in each of these months 
that may have an effect on ADG during period 2 do not differ significantly. 
Cattle in February had the lowest recorded ADG value (P<.05); consequently, 
cattle in early stages of feeding are most negatively affected by condi­
tions that exist in February. 
Within period 2 and across months (Table 11), shelter and shelterless 
treatment groups had the highest gains (P<.05). Consequently, on a year-
round basis, there is a disadvantage, in terms of affecting ADG, in 
confinement feeding cattle during their second stage of feeding. 
Table 12. Average daily gain (lb.) by month on test, housing, and period 
Month 
on test Housing 1 2 3 
Nov. Shelter 2  53d,e,f,g 2.23®'^ 
Shelterless 3.04®'^'®*^ 2.49®*^ 1.48® 
Confinement 2.61^'^ 2.65*^'®'^ 1.84^'® 
Jan. Shelter 2.82®'^ 2.60*^*®'^ 2.53^'® 
Shelterless 2.08^ 2.148'f 1.92^'® 
Confinement 2.50^'^ I.608 1.78^'® 
March Shelter 3.55*'b 3.44* 
Shelterless 2.9o^»g»l^ 2 4ga,b,c 3.46* 
Confinement 2  93C,d,® 2.61^'^'^'® 
May Shelter 3.70®'^'*^ 3  4ia,b,c 2  84^.c,d 
Shelterless 3.92^ 3.12®*^'*^**^ 2.58^'^'® 
Confinement 3 39^*^*c,d,e,f 3.02**^''^''*'® 2.82^'*^»'^ 
July Shelter 3.72®'^ 3.43a»b»c 3.13a,b,c 
Shelterless • 3•23^ 3.56*'^ 3.18*'^ 
/* » C $ d * 6 r\ 6 « ? V 
Sept. Shelter 3.61^*^*^*"^ 3.60* 2.80^'^'^*® 
Shelterless 3.74^'^ 2  3^a,b,c 2.60^^'^'® 
Confinement ^^^ya,b,c,d,e 2.65<i,®,f 2.36^'®'^ 
a. b,c,d,e,f,g,h,i 
* ^  * ^ eans within a column with different superscripts 
differ (P<.05). 
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Period 
1.01 
3.36^ 
2.73 
1.75 
Avg. 
1 gyf ,g,h 1.75^'^'^'B 2.77^''^ 2.40®'^ 
1.74®»^ 1.68®*^'® 2.45^'*^'® 2.17® 
^ 1.61^*2 2.19^'^'® 2.02® 
2.70^'^'® 2.78^'^'° 2.81^'*^'®'^ 
2.77b»c»d,e 3.07^ 2.23*^'*^'^ 
2.76^'^'^*® 2.29^'^'^ 2.02^'^'®'^^ 2.21^*® 
1.11^ 
2.42® 
2 74b,c,d,e 2.29^'^'^^ 2.44^'^'^'® 3.03^ 
2.85a,b,c,d 2.01^'®'^ 2.55*'® 2.96^ 
2.26®'^'® 2.26^'^'^ 2.60^'^'^'^ 2.64*^ 
3.08*'b'C^ 3.05* 3.56*'^ 3.23* 
3.26*'^ 2.84*'^ 3.32*»^ 3.10*'^ 
2  5^d,®,f 2.25^'*^'® 2.23^'^'®'^ 2.73^'^ 
2.16^'®'^^ 2.00C'd,e,h 3.07*'^ 
3.01*'b'C'd 1.94^*®'^ 1.78C*d'e,l 2.92^'^ 
b*c,d,e n rt»id,e,f ^ n^d.e.s - 77*^ 6. u6 e.»e.o £.,i£. 
1.86®'h 1.64^'® 0.08^*^ 2.58^'® 
1.51^*^ 1.34® 0.90^'^*^ 2.42® 
®'^ 1.25® -0.89^ 2.12® 
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Within period 2 (Table 12), considering all of the housing types 
within each specific month cattle went on test, cattle with access to over­
head shelter had significantly higher gain values than confinement fed 
cattle in February, April, and October; this corresponds to cattle that 
were put on test in January, March, and September, respectively. In 
October, shelterless cattle had a significantly larger gain value than 
confinement cattle. In December, June, and August, representing cattle put 
on test in November, May, and July, respectively, housing had no signifi­
cant affect on ADG in the period 2 stage of feeding. 
Within period 3 and across all housing treatments (Table 11), cattle 
in May and September had the highest ADG recorded (P<.05). Cattle in 
January and March had the lowest recorded ADG values (P<.05). Thus, the 
conditions that existed during January and March had the most adverse 
affects on ADG. 
Within period 3 and across months (Table 11), the housing effects on 
ADG indicate that shelter cattle had the highest ADG recorded (P<.05). The 
lowest ADG was recorded for cattle in the confinement treatment group 
(P<.05); however, they were not different than shelterless fed cattle. 
Therefore, on a year-round basis, cattle in the period 3 stage of feeding 
have higher average daily gains when provided with access to overhead 
shelter. 
Within period 3, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
had an advantage in ADG over the other housing treatments in March 
(Table 12). Compared to shelter and shelterless groups, confinement fed 
cattle had a significantly lower ADG value (P<.05) in the month of May. In 
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the months of July, September, and November, corresponding to cattle put on 
test in May, July, and September, respectively, housing had no significant 
affect on ÂDG in the period 3 stage of feeding. 
Within period 4 and across housing treatments, the month effects on 
ADG (Table 11) indicate that the highest gain was recorded for cattle in 
August, October, and April (P<.05), their mean differences being 
nonsignificant. Thus, the Individual set of conditions that exists in each 
of these months that may have an affect on ADG during period 4 do not 
differ significantly. The months that had the lowest ADG readings for 
period 4 were February and December (P<.05). Consequently, the conditions 
that existed during these months had the most adverse affects on ADG. 
Within period 4 and across months (Table 11), the housing effects on 
ADG indicate that shelter and shelterless cattle had the highest recorded 
ADG (P<.05). Therefore, cattle with access to either a shelter or a wind­
break had higher gains than confinement fed cattle in period 4 (P<.05). 
Consequently, there were no benefits derived from confinement feeding 
cattle in terms of affecting ADG in period 4. 
Within period 4, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
had no significant advantage in ADG over shelterless cattle (Table 12). 
However, shelter and shelterless cattle were significantly higher in their 
gains than confinement cattle in the months of February and August, which 
represents cattle put on test in November and May. Thus, there is no 
benefit in terms of maintaining a high ADG by feeding cattle in confinement 
during the months of February and August if the cattle are in the period 4 
stage of feeding. In June, representing cattle put on test in March, 
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shelter cattle did not significantly differ with ADG values of either 
confinement and shelterless cattle; however, confinement cattle had a 
significantly lower ADG value than shelterless cattle (P<.05) at this time. 
Therefore, shelter cattle had no significant advantage over confinement 
cattle in terms of ADG in the month of June during period 4. In October, 
corresponding to cattle put on test in July, shelterless cattle did not 
significantly differ with the ADG values of both confinement and shelter 
cattle; however, confinement cattle had a significantly lower ADG value 
than shelter cattle (P<.05) at this time. Therefore, shelterless cattle 
had no significant advantage over confinement cattle in terms of ADG in the 
month of October during period 4. In April and December, housing environ­
ment had no significant affect on ADG during the period 4 feeding stage. 
Within period 5 and across all housing treatments (Table 11), cattle 
in September and May had the highest ADG (P<.05). Cattle in March and 
January had the lowest recorded ADG (P<.05). Thus, ADG for cattle in 
period 5 is most negatively affected by conditions that exist in March and 
January, which represents cattle put on feed in November and September, 
respectively. 
Within period 5 and across months (Table 11), the housing effects on 
ADG indicate that shelterless cattle did not significantly differ with the 
ADG values of both confinement and shelter cattle; however, confinement 
cattle had a significantly lower ADG value than shelter cattle (P<.05). 
Within period 5, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
in May did not differ significantly with ADG values of either confinement 
and shelterless cattle; however, confinement cattle had a significantly 
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lower ADG than shelterless cattle (P<.05) (Table 12). Compared to shelter 
and shelterless groups, confinement fed cattle had a significantly lower 
(P<.05) ADG values in August. Therefore, there is no benefit in terms of 
maintaining a high ADG by feeding cattle in confinement during the month 
of August if the cattle are in the period 5 stage of feeding. In the 
months of March, July, November, and January, corresponding to cattle put 
on test in November, March, July, and September, respectively, housing had 
no significant affect on ADG in the period 5 stage of feeding. 
Within period 6 and across all housing treatments (Table 11), cattle 
in October had the highest recorded ADG (P<.05). Cattle in February had 
the lowest recorded ADG (P<.05). Consequently, ADG for cattle nearing 
their slaughter weight is most negatively affected by conditions that exist 
in February, a month traditionally associated with extremes in cold. 
Environmental conditions of April, June, August, and December have equal 
affects on cattle in period 6 in terms of ADG. The environmental condi­
tions of October have optimal affects on ADG with cattle nearing slaughter 
weight. Therefore, the optimum month for ADG of heavyweight cattle is not 
associated with extremes of heat or cold. 
Within period 6 and across months (Table 11), the housing effects on 
ADG are not significant. 
Within period 6, considering all of the housing types within each 
specific month cattle went on test, cattle without shelter in October did 
not significantly differ with ADG values of both confinement and shelter 
cattle; however, confinement cattle had a significantly lower ADG than 
shelter cattle (P<»05; Table 12). Cattle with access to overhead shelter 
in February did not significantly differ with ADG values of either 
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confinement and shelterless cattle; however, confinement cattle had a 
significantly lower ADG than shelterless cattle (P<.05). In the months of 
April, June, August, and December, corresponding to cattle put on test in 
November, January, March, and July, respectively, housing had no signifi­
cant effect on ADG in cattle during their last stage of feeding. The 
housing X period interaction was not significant (P>0.7875) making between 
period comparison among housing treatments in each period unnecessary. 
The month x period interaction was significant (P<.0001), thus 
enabling between period comparisons. The results indicate that between all 
periods and within months cattle were started on test, period 1 had one of 
the highest average daily gains, with period 2 not differing statistically 
from period 1 in March and July started cattle (Table 11). Period 2 had 
the second highest ADG values for cattle started In November, May, and 
September. Consequently, whatever month cattle are put on test, their 
first and second feeding, periods will contain a majority of the highest 
ADG (Figure 7). Most of the lowest ADG readings were recorded in periods 5 
and/or 6. The lower gain values recorded as cattle approach normal 
marketing weights are in agreement with Quartermain and Oliver (1963). 
They reported that the reason the mean rate of gain of cattle in later 
stages of finishing was less than the mean rate of gain for cattle in the 
beginning stages of finishing was that cattle gain more fat during the 
later stages of finishing than at the beginning. They attribute this fact 
to fat having a higher calorific content than lean, and more energy must be 
consumed to gain 1 lb. of fat than 1 lb. of lean. Williams (1983) also 
reports that cattle at the end of their feeding period are gaining more fat 
Figure 7. Average daily gain (lb.) by month and period 
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than muscle and that average daily gains are slower and more feed is 
required per pound of gain. 
Since it is most valuable to know the conditions that give an 
important economic depression in production with changes in the environ­
ment, an objective of good management should be to select a time period 
during the year that allows for the maximum average daily gain at each 
stage of feeding. The results indicate that May started cattle contain 
five out of six of the highest average daily gains recorded within each 
period, thus giving them the overall highest ADG (Table 11). 
The average ADG per period (Table 11) indicates that period 1 has the 
overall highest recorded ADG (P<.05) with period 2 having the second 
highest ADG. Periods 3 and 4 are the next highest in ADG, with periods 5 
and 6 having the lowest recorded ADG (P<.05). This indicates that cattle 
in their first stage of feeding are capable of maintaining their ADG at a 
high level under a variety of environmental conditions. 
Following the cattle started on test in November 1979 and January and 
March 1980, there were three different periods represented under each month 
of the year. Therefore, it was possible to determine how cattle at differ­
ent stages of feeding were affected, in terms of ADG, by the conditions 
that exist during a certain month of the year. Results indicate that 
cattle in their beginning stages of feeding (period 1 or 2) have higher 
gains than all other periods in the months of December, January, February, 
March, April, May, June, July, and September (?<.05; Table 13). In 
November and August, cattle in their middle stage of feeding (period 3 or 
4) and cattle in their beginning stage of feeding have similar gains, with 
the gains of cattle in their last stages of feeding (period 5 or 6) being 
Table 13. Average daily gain (lb.) by month on test and month of the year 
Month Months of the year 
on test Nov. Dec. Jan.. Feb. March April May June July Aug. Sept. Oct. 
Nov. Period 
ADG 
1 
2.98* 2.56" 1.85* 
4 a 
1.57* 1.68* 2.47* 
Jan. Period 
ADG 
1 . 
2.50 
2 . 
2.11 
3 
2.08* 2.74* 
5 
2.71* 
6 
2.36* 
March Period 
ADG 
1 h 
3.06 3.I2" 3.^» 
4 
2.62* 2.19* 2.53^ 
May Period 
ADG 
1 
3.67^ 
2 , 
3.18 2.95* 
5 
2.72* 
6 
3.04 
July Period 
ADG 
5 . 
2.04 
6 
2.01* 
1 c 
3.44C 
2 
3.32* 3.03' 
4 
3.03 
Sept. Period 
ADG 
3 
2.59* 
4 
1.71* Jl' 6 e 0.23^ 3.61" 2 3.20 
^^^'^Means within a column with different superscripts differ (P<.05). 
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significantly less than all the other stages. Stage of feeding has no 
effect on ADG in the month of October. Therefore, for nine months out of 
the year, cattle in their beginning stages of feeding will have the highest 
average daily gains when compared to cattle in other stages of feeding. 
Feed conversion 
Feed conversion was significantly affected by the main effects of year 
(P<.0001), month (P<.0001), and housing (P<.0001) along with the inter­
actions of year x month (P<.0001) and month x housing (P<.0045; Table 
14b). From the F values (Table 14b), one can observe that month had much 
more effect on feed conversion than any other factor. 
The month effects on feed conversion across housing treatments (Table 
15) indicate that cattle are most efficient when placed on feed during the 
months of March, May, and July and are the least efficient when placed on 
feed in November and September (P<.05; Figure 1). Cattle started in 
January are intermediate in their efficiency. Paine et al. (1977), in 
Oklahoma, found that feedlot cattle had the poorest feed conversion ratio 
during January, February, March, and April with conversion ratios improving 
to their best values during the months of August, September, and October. 
Regardless of the month when started on feed, cattle fed in outside 
lots with access to overhead shelter were the most efficient in converting 
feed to gain (P<.05; Figure 8). Shelter cattle required 4.21 to 5.24% 
less feed/lb. of gain when compared to shelterless and confinement reared 
cattle, respectively. Self et al. (1963), in an Iowa study, indicated that 
yearling steers with access to overhead shelter were more efficient than 
cattle raised in an open lot with a windbreak. Polete (1968), comparing 
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Table 14a. Model analysis of variance for feed conversion 
Source of variation df SS MS F value P>F 
Model 89 139.712 1.570 14.44 0.0001 
Error 90 9.784 0.109 
Corrected total 179 149.496 
Table 14b. Analysis of variance of unweighted means for feed conversion 
Source of variation df SS MS F value P>F 
Year 4 29.132 7.283 67.00 .0001 
Month 5 71.894 14.379 132.27 .0001 
Housing 2 3.954 1.977 18.18 .0001 
Year x Month 20 24.551 1.228 11.29 .0001 
Year x Housing 8 1.931 0.241 2.22 .0329 
Month X Housing 10 3.055 0.306 2.81 .0045 
Year x Month x Housing 40 5.195 0.130 1.19 .2417 
confinement and normal feedlot conditions in Arizona, , found that ' confine-
ment fed cattle required 1 lb. of feed/head/day more to produce a pound of 
beef. 
During the warmer months, feed efficiency did not vary significantly 
between the three housing types as cattle put on feed in March, May, and 
July in either of the housing treatments had essentially the same feed 
efficiency (Figure 9). Among the three housing types, feed efficiency 
varied to a greater extent when cattle were fed during a majority of the 
colder months. The differences in efficiency between shelterless and 
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Table 15. Feed conversion by housing and month on test* 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 6.77^'^ 7.34* 7.23*'b 7.12^ 
Jan. June 6.37^'® g 79b,c,d 6.99*'b.c 6.72^ 
Mar. Aug. 5.80^ 5.90^ 5.77^ 5.8^^ 
May Oct. 5.63^ 5.60^ 5.94®'f 5.72^ 
July Dec. 5.62^ 5.67^ 5.70^ 5.66^ 
Sept. Feb. 6.69^'= 7.26* 7.29* 7.08^ 
Avg. 6.15® 6.42^ 6.49^ 
a,b,c,d,e,f^^^g within a row and column with different superscripts 
differ (P<.05). 
®*^eans with different superscripts differ (P<.05). 
*^eans with different superscripts differ (P<.05). 
*Lb. of dry matter/lb. of gain. 
confinement cattle were not significant for cattle put on feed in November, 
January, and September. The variation in efficiency between shelter and 
confinement during these months was significant (P<.05). The variation 
between shelter and shelterless cattle was significant for cattle put on 
feed during the months of November and September. For cattle put on feed 
in January, the difference between shelter and shelterless fed cattle was 
not significant. 
Within each period, the Influence the main effects had on feed conver­
sion varied (Table 16). Feed conversion was significantly affected by 
month (P<.05) in periods 1, 2, 3, and 4; year (P<.05 in periods 1 and 3; 
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6.50.. 
r» 6.40 . 
6.30 •' 
6 .20  
6.10 
Shelter 
*Slgiiificant difference (P<.05), 
I 
Shelterless Confinement 
Figure 8. Housing effect on feed conversion 
Figure 9. Feed conversion (lb. of DM/lb. gain) by month and housing type 
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8.0 
7.5 
7.0 
6.5 
5.5 
5.0 
Shelter 
0-—--a Shelterless 
A—--TÛk Confinement 
m Significant 
(p < .OS) 
Sold: June Aug. Oct. Dec. Feb. Apr. 
Started: (Jan.) (Mar.) IMay) (July) (Sept.) (Nov.) 
Table 16. Analysis of variance presenting mean squares for feed conversion by periods 
Period Period 
Source df ] L 2 1 3 4 5 df 6 
Model 21 8. 78* 83. 97* 80. 83* 162. 82*** 26067. 63 21 10417. 18 
Error 158 1. ,23 25. 84 24. 72 91. 69 25051. 99 116 11262, .97 
Year 4 12. 44* 38. 98 59. 65*** 66. 41 27021. ,40 4 8649. 60 
Month 5 20. ,89* 170. 32* 168. 53* 259. 37*** 29090. 60 5 9351. 30 
Housing 2 2. 74 64. 16 86. 45*** 292. 44*** 22169. ,90 2 5354. 92 
Month X Housing 10 7. ,92* 94. 56* 85. 81* 185. 50** 25843. 21 10 10833. ,09 
*Slgnlfleant (P<.0001). 
**Slgnifleant (P<.01). 
***Slgnlfleant (P<.05). 
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housing (P<.05) in periods 3 and 4; and the month x housing interaction 
(P<.01) in periods 1, 2, 3, and 4. Similar studies have not been reported 
in the literature. 
Within period 1 and across all housing treatments (Table 17), cattle 
put on test in May, July, and September had the most efficient feed conver­
sion (P<.05). March feed conversion values did not significantly differ 
from September and May started cattle. January started cattle had the 
least efficient feed conversion, thus feed efficiency for cattle in their 
beginning stage of feeding was most negatively affected by conditions that 
existed in January. 
Within period 1 and across months (Table 17), housing did not have a 
significant effect on feed conversion. 
Within period 1, considering all of the housing types within each 
specific month cattle went on test, confinement cattle and cattle with 
access to overhead shelter had an advantage in feed conversion over 
shelterless cattle in January (P<.05; Table 18). Consequently, cattle 
were less efficient in January when provided with only a windbreak. In 
November, March, May, July, and September, housing had no significant 
effect on feed conversion during the cattle's beginning stage of feeding. 
In a similar study. Self and Hoffman (1974) compared cattle raised without 
shelter to cattle with access to overhead shelter and cattle in an open 
front confinement building during winter and summer in Iowa. These 
researchers found that the availability of shelter had a greater effect on 
feed efficiency in the winter than in summer. 
Table 17. Feed conversion by period, housing, and month on test* 
Housing 
Period Shelter Shelterless Confinement Nov. Jan. 
1 4.51 4.93 4.68 4.91^ 6.25^ 
2 5.74 6.25 7.73 6.88^ 11.24^ 
3 6.72® 9.08^ 7.48^'® 12.01^ 8.94^ 
4 7.68^*8 6.39® 10.69^ 13.61^ 6.47^ 
5 9.40 44.79 14.08 9.90^ 6.56^ 
6 33.03 18.59 11.93 7.87^ 
•
H H
 
O
 
OO 
Avg. 6.15* 6.42^ 6.49^ 7.12^ 6.72^ 
g  W 
* Means with different superscripts differ (P<.05). 
^»^'®Means with different superscripts differ (P<.05). 
^*®Means within a row with different superscripts differ (P<.05). 
^»^*^*^eans within a row with different superscripts differ (P<.05). 
*Lb. of dry matter/lb. of gain. 
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Month on test 
March May July Sept. Avg. 
4.65^'^ 4.32^'^ 3.88^ 4.22^'^ 4.71 
5.22^ 5.66^ 4.92^ 5.50^ 6.57 
5.72^ 6.66^'^ 6.073 7.17^'^ 7.76 
7.35I 6.27^ 6.13^ 9.69^*1 8.25 
17.40^ 7.88^ 8.96^ 85.85^ 22.76 
55.24I 6.26^ 12.86^ 34.37I 21.18 
5.82® 5.72® 5.66® 7.08^ 
Table 18. Feed conversion by month on test. housing, and period* 
Month 
on test Housing 1 2 3 
Nov. Shelter 7.06® 8_24^'C'd 
Shelterless 4 . g 5 C , d,e 7.58^ 17.97® 
Confinement 5  3gb,c,d 6.01^ 9.83^'*^ 
Jan. Shelter 5.44^'= 6.64^ 7.27^''^'d 
Shelterless 7.36® 8.97^ 10.52^ 
Confinement 5.95^ 18.11^ g 03b'<^'d 
March Shelter 4.56=*'^'®'^' ® 5.09^ 5.33*^ 
Shelterless 
Confinement 
5.01^'='^'® 
4.39d,®,f,g 
4.97^ 
5.59^ 
5.32^ 
6.49b'C»d 
May Shelter 4.70*^'^^'®'^ 5.64^ 6.59b'C»d 
Shelterless 3.95^'® 5.80^ 7 . 1 4 b ' C , d  
Confinement 4.31®'^'® 5.56^ 6.24^'^'d 
July Shelter 3.68® 4.96^ 6.19b,c,d 
Shelterless 
Confinement 
4 .136,f,g 
3.84"'® 
4.58^ 
5.24" 
5.86^'d 
6.16^'='" 
Sept. Shelter 4.26®'^'® 5.05^ 6 . 7 2 b ' C ' d  
Shelterless 4.20®'^'® 5.58^ 7  6 3 b ' C ' d  
Confinement 4.21®'^'® 5.88^ 7  1 5 b ' C , d  
a,b,c,d,e,f,within a column with different superscripts differ 
(P<.05). 
*Lb. of dry matter/lb. of gain. 
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Period 
Avg. 
8.84^*'^ 9.89^ 7.99^ 6.77^'^ 
9.39^'° 9.96^ 7.66^ 7.34* 
22.60* 9.85^ 7.96^ 7.23*'^ 
7.19^'^ 6.87^ 7.94^ 6.37^'® 
6.45^'*^ 5.86^ 8.14^ 6.79^'*^''^ 
5.71^ 6.95^ 7.94^ 6.99*'^'^ 
7.46^'^ 8.18^ 152.30* 5.80^ 
7.16^'*^ 10.32^ 7.18^ 5.90^ 
7.44^'*^ 33.70^ 6.21^ 5.77^ 
6.04^ 6.87^ 5.29^ 5.63^ 
5.60^ 7.43^ 5.73^ 5.60^ 
7.16^'^ 9.34^ 7.75^ 5.94®'^ 
5.67^ 8.75^ 24.46^ 5.62^ 
6.09*^ 10.32^ 6.06^ 5.67^ 
6.62''^ 7.80" 8.07" 5.70" 
10.85^'® 15.86^ -2.65^ 6.69^'^ 
3.65^ 224.84* 73.15^ 7.26* 
14.56*'^ 16.84^ 32.62^ 7.29* 
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Within period 2 and across all housing treatments (Table 17), cattle 
in December, April, June, August, and October had the most efficient feed 
conversions (P<.05). Cattle in February had the least efficient feed 
conversion (P<.05). Thus, the feed efficiency of cattle still in early 
stages of feeding is most negatively affected by conditions that exist in 
February which corresponds to cattle put on test in January (Table 1). 
Within period 2 and across months (Table 17), housing did not have a 
significant effect on feed conversion. 
Within period 2, considering all of the housing treatments within each 
specific month cattle went on test, cattle with access to overhead shelter 
had an advantage in feed conversion over shelterless and confinement cattle 
in December (P<.05; Table 18), which represents cattle that went on test 
in November. In February, April, June, August, and October, housing had no 
significant effect on feed conversion. In similar findings. Self and 
Hoffman (1974) found that during winter in Iowa, cattle fed in open lots 
with shelter were more efficient than cattle fed in confinement. 
Within period 3 and across housing treatments, the month effects on 
feed conversion (Table 17) indicate that the cattle are most efficient in 
May, July, September, and November (P<.05), their mean differences being 
nonsignificant. The feed efficiency of cattle in March did not differ 
significantly with cattle in July and November. The month that had the 
least efficient feed conversion reading for period 3 was January (P<.05), a 
month traditionally associated with extreme cold. 
Within period 3 and across months (Table 17), the housing effects on 
feed conversion indicate that shelter cattle were significantly more 
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efficient than shelterless cattle. Confinement raised cattle did not 
significantly differ with shelter and shelterless cattle. 
Within period 3, considering all of the housing types within each 
specific month cattle went on test, cattle in confinement and cattle with 
access to overhead shelter had an advantage in feed efficiency over 
shelterless cattle in January (Table 18). In March, May, July, September, 
and November, corresponding to cattle that were put on test in January, 
March, May, July, and September, respectively, housing had no significant 
affect on feed conversion. Kearl et al. (1965), feeding cattle in Utah 
from December to March in either an enclosed bam or in a lot without 
shelter, reported that inside fed animals were significantly better in 
their feed efficiency (P<.01). 
Within period 4 and across housing treatments, the month effects of 
feed conversion (Table 17) indicate that the cattle are most efficient in 
April, June, August, October, and December (P<05), their mean differences 
being nonsignificant. Cattle in February had the least efficient feed 
conversion for period 4. 
Within period 4 and across months (Table 17), the housing effects on 
feed conversion indicate that shelter cattle did not significantly differ 
from shelterless or confinement fed cattle; however, confinement cattle 
were significantly less efficient than shelterless cattle. Therefore, 
cattle with access to windbreaks require less feed per pound of gain than 
confinement fed cattle in period 4 (P<.05)-
Within period 4, considering all of the housing types within each 
specific month cattle went on test, cattle with access to overhead shelter 
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had no significant advantage in feed efficiency over shelterless cattle in 
December and February (Table 18). Shelter and shelterless cattle were 
significantly more efficient than confinement fed cattle in February; 
however, only the shelterless fed cattle were significantly more efficient 
than confinement fed cattle in December. In the months of April, June, 
August, and October, corresponding to cattle put on test in January, March, 
May, and July, respectively, housing had no significant effect on feed 
conversion in cattle during their period 4 stage of feeding. The apparent 
lack of advantage of cattle that have access to overhead shade in the 
summer months of June and August is in agreement with Bond and Laster 
(1975) who reported that feed efficiency of cattle under midwest summer 
conditions do not benefit from the use of summer shades. 
Within periods 5 and 6, feed conversion was not significantly affected 
by month, housing, or the month x housing interactions (Tables 17 and 18). 
None of the between period comparisons for feed efficiency were 
significant; therefore, cattle in different stages of feeding were equally 
affected, in terms of feed conversion, by the different housing treatments 
and by the environmental conditions that existed during each month of the 
year (Table 19). 
Final live weights 
Since each test group of cattle required a total of six pens and a 
total of 18 pens were equally available across all three housing systems, 
it was essential that any test group of cattle be removed and taken for 
Table 19. Feed conversion by month on test, housing, and period* 
Month Months of the year 
on test Nov. Dec. Jan. Feb. March April May June July Aug. Sept. Oct. 
Nov. Period 
Conversion 
1 
4.91 
2 
6.88 
3 
12.01 
4 
13.61 
5 
9.90 
6 
7.87 
Jan. Period 
Conversion 
1 
6.25 
2 
11.24 
3 
8.94 
4 
6.47 
5 
6.56 
6 
8.01 
March Period 
Conversion 
1 
4.65 
2 
5.22 
3 
5.72 
4 
7.35 
5 
17.40 
6 
55.24 
May Period 
Conversion 
1 
4.32 
2 
5.66 
3 
6.66 
4 
6.27 
5 
7.88 
6 
6.26 
July Period 
Conversion 
5 
8.96 
6 
12.86 
1 
3.88 
2 
4.92 
3 
6.07 
4 
6.13 
Sept. Period 
Conversion 
3 
7.17 
4 
9.69 
5 
85.85 
6 
34.37 
1 
4.22 
2 
5.50 
*Lb. of dry matter/lb. of gain. 
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processing into beef by the end of 180 days on feed. Differences seen in 
final live weights reflect the necessity of maintaining the schedule. 
Final live weight was significantly affected by the main effects of 
year (P<.006), month (P<.0001), and housing (P<.0001; Table 20b). From 
the F values, one can observe that housing had more of an affect on final 
live weight than any other factor. This might be due to the fact that the 
data were pooled among housing types, and the differences seen between 
housing types were due to somewhat lighter cattle going to slaughter from 
confinement and no shelter with confinement having the lightest carcasses. 
Across housing treatments, the month effects on final live weight 
(Table 21) indicate that the highest final live weights were recorded for 
cattle started on feed in March and May, mean differences being nonsignifi­
cant. Final live weight values for January, March, and July started cattle 
did not differ significantly. Cattle started on feed in November and 
September had the lowest final live weights (Figure 1). This is in agree­
ment with results reported by Henderson and Geasler (1968) and Ingalls and 
Seale (1967). 
According to Henderson and Geasler (1968), cattle raised during the 
summer have higher average dally gains than cattle raised during the 
winter. Therefore, cattle fed for a maximum of six months during a 
majority of winter months will have lighter final live weights and hot 
carcasses due to the fact that they take longer to reach the heavier 
weights of their summer counterparts. Ingalls and Seale (1967) found 
significant period and housing interactions for weight gains. Their data 
indicate that when cattle are fed for a majority of winter months, average 
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Table 20a. Model analysis of variance for final live weight 
Source of variation df SS MS F value P>F 
Model 21 159337.961 7587.522 7.49 0.0001 
Error 68 68899.568 1013.229 
Corrected total 89 228237.530 
Table 20b. Analysis of variance of unweighted means for final live weight 
Source of variation df SS MS F value P>F 
Year 4 16066. 100 4016.525 3.96 0.0060 
Month 5 68831. 188 13766.237 13.59 0.0001 
Housing 2 70769. 224 35384.612 34.92 0.0001 
Month X Housing 10 3671. 450 367.145 0.36 0.9585 
dally gains will be significantly lowered resulting In lighter weight 
cattle when compared to summer raised cattle fed for the same number of 
days. 
Across months, the housing effects on final live weight (Table 21) 
indicate that the highest final live weight was recorded for cattle in the 
shelter treatment group (P<.05). Shelter cattle had a 2.56% higher final 
live weight than shelterless cattle and a 6.35% higher final live weight 
than in the confinement cattle. Shelterless cattle had a 3.69% higher 
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Table 21. Final live weight by housing and month 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 1105.0 1065.3 1038.0 1069.4^ 
Jan. June 1160.2 1113.4 1080.9 1118.2^ 
Mar. Aug. 1162.4 1152.2 1097.2 1137.3^'G 
May Oct. 1179.6 1159.9 1108.8 1149.4® 
July Dec. 1141.3 1113.2 1089.2 1114.6^ 
Sept. Feb. 1111.3 1084.2 1035.9 1077.1^ 
Avg. 1143.3* 1114.7^ 1075.0^ 
a,b,cleans with different superscripts differ (P<.05). 
'^'^'^Means with different superscripts differ (P<.05). 
final live weight than confinement cattle. Confinement cattle had the 
lowest overall final live weight (Figure 10). 
All housing treatments showed similar patterns for live weight fluctu­
ations (Figure 11); however, the analysis of variance for final live weight 
(Table 20b) indicates that the month x housing effect was not significant 
(P>.9585); therefore, live weights were not significantly influenced by the 
type of housing and month combination. 
Carcass traits 
Hot carcass weight was significantly affected by the main effects of 
month (P<,0001) and housing (P<.0001; Table 22b). From the F values, one 
finds that housing had more of an affect on hot carcass weights than any 
other factor. This is due to the fact that these data were pooled among 
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Figure 10. Housing effect on final live weight 
Figure 11. Final live weight (lb.) by month and housing type 
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Table 22a. Model analysis of variance for hot carcass weight 
Source of variation df SS MS F value P>F 
Model 21 64930.762 3091.941 9.15 0.0001 
Error 67 22648.231 338.033 
Corrected total 88 87578.993 
Table 22b. Analysis of variance of unweighted means for hot carcass weight 
Source of variation df SS MS F value P>F 
Year 4 2920. 688 730. 172 2. ,16 0. ,0830 
Month 5 35169. ,860 7033. 972 20. ,81 0. 0001 
Housing 2 23221. 603 11610, .801 34. 35 0. 0001 
Month X Housing 10 3618. 611 361, .861 1. 07 0. 3971 
housing types, and the differences seen between housing types were due to 
somewhat lighter cattle going to slaughter from confinement and no shelter, 
with confinement having the lightest carcasses. 
Across housing treatments, the month effects on hot carcass weight 
(Table 23) indicate that the highest hot carcass weights were recorded for 
cattle started on feed in January, March, and May (P<.05). Cattle started 
on feed in November and September had the lowest hot carcass weights 
(Figure 1). 
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Table 23. Hot carcass weights by housing and month 
Date 
Started Sold Shelter Shelterless Conf inement Avg. 
Nov. Apr. 667.9 640.1 637.2 648.4^ 
Jan. June 715.7 670.9 660.4 682.3® 
Mar. Aug. 714.8 707.2 674.5 698.8® 
May Oct. 711.7 695.6 678.9 695.4® 
July Dec. 687.8 657.8 662.3 669.3^ 
Sept. Feb. 673.2 650.4 624.6 649.4^ 
Avg. 695.2® 670.3^ 656.3^ 
^*^'^eans with different superscripts differ (P<.05). 
^*^Means with different superscripts differ (P<.05). 
Regardless of the month when started on feed, cattle fed in outside 
lots with access to overhead shelter had the heaviest hot carcass weight 
(P<.05; Table 23). Shelter cattle had a 3.71 to 5.93% heavier hot carcass 
weight when compared to shelterless and confinement reared cattle, respec­
tively. Shelterless cattle had a 2.13% heavier hot carcass weight than 
confinement cattle, thus confinement fed cattle had the lightest overall 
hot carcass weight (Figure 12). 
All housing treatments showed similar patterns for hot carcass weight 
fluctuations (Figure 13). The analysis of variance for hot carcass weight 
(Table 22b) indicates that the month x housing effect was not significant 
(P>.3971); therefore, hot carcass weights were not significantly influenced 
by the type of housing and month combination. 
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Figure 13. Hot carcass weight (lb.) by month and housing type 
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Table 24a. Model analysis of variance for yield grade 
Source of variation df SS MS F value P>F 
Model 21 1.972 0.094 1.62 0.0715 
Error 67 3.893 0.058 
Corrected total 88 5.865 
Table 24b. Analysis of variance of unweighted means for yield grade 
Source of variation df SS MS F value P>F 
Year 4 0.964 0.241 4.15 0.0046 
Month 5 0.532 0.106 1.83 0.1176 
Housing 2 0.238 0.119 2.05 0.1364 
Month X Housing 10 0.237 0.0237 0.41 . 0.9380 
The analysis of variance for yield grade (Table 24b) indicates that 
yield grades of yearling cattle were not significantly influenced by the 
month cattle were started on feed or type of housing provided. However, it 
should be recognized that all the yield grades were contained in the 
U.S.D.A. yield grade 2 category (Table 25). 
The analysis of variance for quality grade (Table 26b) indicates that 
the month cattle were started on feed significantly influenced quality 
grade (P<.009) (Figure 1). Even though there is a biological response to 
months» the quality grade data (Table 27) illustrate that month does not 
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Table 25. Yield grade by housing and month 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 2.47 2.38 2.48 2.44 
«T an# June 2.73 2.64 2.48 2.62 
Mar. Aug. 2.58 2.58 2.48 2.55 
May Oct. 2.70 2.56 2.53 2.60 
July Dec. 2.54 2.38 2.50 2.47 
Sept. Feb. 2.62 2.57 2.42 2.54 
Avg. 2.61 2.52 2.48 
Table 26a. Model analysis of variance for quality grade 
Source of variation df SS MS F value P>F 
Model 21 11.843 0.564 2.16 0.0094 
Error 67 17.520 0.261 
Corrected total 88 29.362 
Table 26b. Analysis of variance of unweighted means for quality grade 
Source of variation df SS MS F value P>F 
Year 4 5.952 1.488 5.69 0.0005 
Month 5 4.404 0.881 3.37 0.0090 
Housing 2 0.698 0.349 1.33 0.2703 
Month X Housing 10 0.788 0.079 0.30 0.9874 
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Table 27. Quality grade by housing and month* 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 6.92 6.98 6.92 6.94* 
Jan. June 7.27 7.43 7.09 7.26* 
Mar. Aug. 7.10 7.28 7.20 7.19* 
May Oct. 6.68 6.62 6.41 6.57b 
July Dec. 6.93 6.90 6.78 6.87*'^ 
Sept. Feb. 7.38 7.32 6.80 7.17* 
Avg. 7.05 7.09 6.86 
^*^Means with different superscripts differ (P<.05). 
*Good^ = 5.50-6.49; Choice = 6.50-7.49, Choice = 7.50-8.49. 
have any major affect on quality grade as the average quality grade across 
all months was low choice. 
The fact that there is no significant difference in carcass grades is 
in agreement with Hoffman and Self (1970) and Henderson and Geasler (1968). 
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SUMMARY 
Yearling steers of predominantly British breeding weighing approxi­
mately 700 lbs. were started on test at bimonthly intervals. The first 
steers were placed on test November 8, 1979, with subsequent groups going 
on test near the first of the month for January, March, May, July, Septem­
ber, November, 1980, 1981, 1982, 1983, and January, March, May, July, and 
September, 1984. Within each group, cattle were sorted by weight and color 
pattern to either; (1) an open lot without overhead shelter; (2) an open 
lot with overhead shelter; or (3) an open-front confinement building 
providing approximately 20 square feet per animal. Each treatment was 
replicated and had approximately 40 cattle per treatment and, thus, about 
120 steers per trial. All steers were individually ear-tagged and 
implanted with a growth stimulant at the start of each trial. Subse­
quently, steers were individually weighed at approximately 28-day intervals 
until removed from test for processing into beef. Each weigh period was 
considered to represent a different stage of feeding. 
The ration for all Iocs was the same and provided 85% of the energy 
from corn grain and the remainder from corn silage and protein supplement. 
It was fed once daily in fence line bunks as a complete mixed ration. 
Since each test group of cattle required a total of six pens and a 
total of 18 pens were equally available across all three housing systems, 
it was essential that any test group of cattle be removed and taken for 
processing into beef by the end of 180 days on feed. Since it was intended 
that each test group of cattle would be processed when it was judged that 
75 to 80% of all cattle would make the U.S.D.A. Choice grade, it was 
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necessary that the opportunity to achieve this grading standard fall within 
the six-month feeding period. 
Once the various treatments had reached their termination point, 
steers were weighed and then transported to a commercial packing plant 
where all cattle were sold on a weight and grade basis. Following an over­
night chill, certified IT.S.D.Â. carcass data for hot carcass weight, 
percent kidney, pelvic and heart fat, yield, and quality grades were 
obtained. Simultaneously, loin eye area and backfat measurements were 
collected on the left side of the carcasses between the 12th and 13th ribs. 
Yearling cattle started on feed during the spring and early summer 
months gained faster and more efficiently than cattle started on feed at 
other times of the year. Cattle started on feed in March, May, and July 
were quite superior (P<.05) in average dally gain and feed conversion to 
groups started in September and November. Cattle starting in January 
performed at an intermediate level (P<.05). Based upon the overall 
combination of feed Intake, ADG, and efficiency, these data indicate that 
starting cattle on feed In May have the most desirable production record 
(P<.05). 
May cattle had the highest ADG (3.02 lb.; P<.05) and feed consumption 
(17.12 lb.; P<.05), yet their feed efficiency was not significantly differ­
ent than the March and July starting cattle. The difference in rate of 
gain among the higher gaining groups appears to be related to daily feed 
consumption. This observation can be further supported by observing the 
interactions of month and housing since during the months of highest ADG, 
feed efficiency did not vary significantly among housing treatments and 
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the treatments with the highest daily gain had the greatest daily feed 
consumption. 
For November starting cattle, the group with the least desirable 
production record, the difference in rate of gain between the higher 
gaining months seems to be due to both a lower feed intake and a poorer 
feed conversion ratio. November starting cattle had the lowest feed intake 
15.46 lb.; P<.05) and one of the poorest feed efficiencies (7.12 lb.; 
P<.05), resulting in the least desirable ADGs (2.20 lb.; P<.05) among the 
months. 
When considering within types of housing treatments, cattle provided 
with access to overhead shelter had the best performance records (P<.05); 
confinement reared cattle had the least desirable performance records 
(P<.05). Sheltered cattle had an advantage in feed intake, ADG, and feed 
conversion when compared to shelterless and confinement cattle (P<.05). 
Comparing between shelterless and confinement cattle, these data indicate 
that shelterless cattle were not more efficient than confinement fed cattle 
(P<.05) although shelterless cattle had the advantage (P<.05) due to their 
ability to consume more feed. 
In each month cattle were started on test and in each housing treat­
ment, cattle experienced their lowest feed Intake in period 1 (P<.05). 
Cattle fed across all months in periods 3, 4, and 5 consumed essentially 
the same amounts of dry matter per day (P<.05) if provided with the same 
housing conditions. Between all periods and within months cattle were 
started on test, a majority of the highest feed consumptions were recorded 
in periods 4, 5, and 6 (P<.05). 
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Within periods, cattle in the intermediate stages of feeding (period 
3 or 4) showed less variation in their feed consumption over a larger range 
of months (P<.05), representing a variety of environmental conditions. 
This is especially noteworthy in period 3 cattle where their highest 
consumptions were recorded in three different climatic seasons (P<.05), 
spring, summer, and fall. Within all periods, the only time cattle were 
affected adversely by a month with traditionally hot temperatures was in 
period 1 (P<.05). Cattle in other periods were more negatively influenced 
by winter or late winter months (P<.05). 
The average consumption per period indicated that periods 3, 4, and 5 
had equally high feed intakes (P<.05) with period 3 not differing signifi­
cantly with the feed intake value of period 6. The lowest recorded value 
for feed intake was recorded in period 1 (P<.05). 
In December, cattle in their beginning stage of feeding were signifi­
cantly lower (P<.05) in their feed intake than cattle in their middle stage 
of feeding; however, they did not differ significantly from cattle in their 
last stage of feeding. Stage of feeding had no effect on feed consumption 
in the months of February, April, and October. For the remaining months of 
the year, cattle in their beginning stages of feeding (period 1 or 2) 
consumed the least amount of feed when compared to cattle in the other 
periods (P<.05). 
Whatever month cattle are put on test, their first and second feeding 
periods contained a majority of the highest ADG readings (P<.05). Most of 
the lowest ADG were recorded in periods 5 and/or 6 (P<.05). Within 
periods, cattle in period 2 showed less variation in their ADG over a 
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larger range of months. Their highest gains were recorded in three differ­
ent climatic seasons: spring, summer, and fall. Within all periods, the 
cattle were more adversely affected by winter or late winter months than by 
months that are associated with extremes in heat (P<.05). 
The average ADG per period indicated that period 1 had the overall 
highest ADG (P<.05) with period 2 having the second highest ADG (P<.05). 
Periods 3 and 4 were the next highest in ADG (P<.05) with periods 5 and 6 
having the lowest ADG (P<.05). 
In November and August, cattle in their middle stage of feeding 
(period 3 or 4) and cattle in their beginning stage of feeding (period 1 or 
2) had similar gains with the gains of cattle in their last stages of 
feeding (period 5 or 6) being significantly less (P<.05) than all the other 
stages. Stage of feeding had no affect on ADG in the month of October. 
For the remaining nine months of the year, cattle in their beginning stage 
of feeding had higher gains than all other stages (P<.05). 
Within periods, cattle in their last stage of feeding (period 5 and 6) 
showed the least amount of variation in their feed efficiency over a larger 
range of months. In all periods, the cattle were more adversely affected 
by winter months than by months that were associated with extremes in heat 
(P<.05). 
Cattle in different stages of feeding were equally affected, in terms 
of feed conversion, by the different housing treatments and by the environ­
mental conditions that existed during each month of the year. 
Cattle started on feed in March and May had the highest final live 
weights (P<.05). Final live weight values for January, March, and July 
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started cattle did not differ, significantly. Cattle starting on feed in 
November and September had the lowest final live weights (P<.05). 
Tfhen considering within types of housing treatments, cattle provided 
with access to overhead shelter had the highest recorded live weight 
(P<.05). Confinement cattle had the lowest overall final live weight 
(P<.05). 
The heaviest hot carcass weights were recorded for cattle started on 
feed in January, March, and May (P<.05). Cattle starting on feed in Novem­
ber and September had the lightest hot carcass weights (P<.05). 
Regardless of the month when started on feed, cattle fed in outside 
lots with access to overhead shelter had the heaviest hot carcass weights 
(P<.05). Confinement fed cattle had the lightest overall hot carcass 
weights (P<.05). 
Yield grades of yearling cattle were not influenced by the month 
cattle were started on feed or type of housing provided. The quality gradé 
data Indicated that month did not have any major affect on quality grades 
as the average quality grade across all months was low Choice. However, 
when statistically evaluated, the significant differences seen in the 
numerical values indicate there was a biological response to months 
(P<.05). 
These findings should be especially useful to cattle feeders feeding 
only one group of cattle annually in that values such as these can be used 
in projecting production costs and profit potential for various times of 
the year when using a similar feeding program and one of several housing 
systems. Cattle feeders feeding cattle on a continuous basis are generally 
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less flexible; however, these findings should help cattle feeders better 
appreciate production differences that occur on a year-round cattle feeding 
program. In some cases, modifications in the production scheme may still 
be possible. The producer must examine cost and expected returns in 
reaching a decision on the most profitable management options to adopt in 
response to climatic risks. 
Livestock production has become more specialized and efficient so that 
Interest in providing optimum housing is growing. This interest has 
created a demand for Information on how animals will respond to different 
environmental conditions. There is a need to develop management techniques 
which increase the ability of cattle to maintain optimal levels of physio­
logical activities essential for growth in the face of adverse environmen­
tal conditions. 
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APPENDIX A: ANALYSIS OF VARIANCE TABLES 
FOR CARCASS CHARACTERISTICS 
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Table 28a. Model analysis of variance for dressing percent 
Source of variation df SS MS F value P>F 
Model 21 0.006 0.00028 5.27 0.0001 
Error 67 0.004 0.00005 
Corrected total 88 0.009 
Table 28b. Analysis of variance of unweighted means for dressing percent 
Source of variation df SS MS F value P>F 
Year 4 0.0017 0.0004 8.35 0.0001 
Month 5 0.0020 0.0004 7.75 0.0001 
Housing 2 0.0013 0.0006 12.43 0.0001 
Month X Housing 10 0.0007 0.00007 1.36 0.2201 
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Table 29a. Model analysis of variance for kidney, pelvic, and heart fat 
Source of variation df SS MS F value P>F 
Model 21 2.760 0.131 1.29 0.2170 
Error 66 6.745 0.102 
Corrected total 87 9.505 
Table 29b. Analysis of variance of unweighted means for kidney, pelvic, 
and heart fat 
Source of variation df SS MS F value P>F 
Year 4 0.348 0.087 0.85 0.4974 
Month 5 1.686 0.337 3.30 0.0102 
Housing 2 0.354 0.177 1.73 0.1851 
Month X Housing 10 0.372 0.037 0.36 0.9576 
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Table 30a. Model analysis of variance for loin eye area 
Source of variation df SS MS F value P>F 
Model 21 8.132 0.387 3.29 0.0001 
Error 67 7.895 0.118 
Corrected total 88 16.027 
Table 30b. Analysis of variance of unweighted means for loin eye area 
Source of variation df SS MS F value P>F 
Year 4 3.474 0.8685 7.37 0.0001 
Month 5 3.431 0.6862 5.82 0.0002 
Housing 2 0.735 0.368 3.12 0.0506 
Month X Housing 10 0.491 0.049 0.42 0.9339 
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Table 31a. Model analysis of variance for backfat 
Source of variation df SS MS F value P>F 
Model 21 24.102 1.148 2.34 0.0046 
Error 67 32.823 0.490 
Corrected total 88 56.925 
Table 31b. Analysis of variance of unweighted means for backfat 
Source of variation df SS MS F value P>F 
Year 4 10.056 2.514 5.13 0.0011 
Month 5 11.352 2.270 4.63 0.0012 
Housing 2 1.074 0.537 1.10 0.3400 
Month X Housing 10 1.621 0.162 0.33 0.9698 
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APPENDIX B; CARCASS CHARACTERISTICS 
BY HOUSING AND MONTH ON TEST 
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Table 32. Dressing percent by housing and month 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 60.39 60.07 61.32 60.60^'^ 
Jan. June 61.60 60.38 61.26 61.13^'^^ 
Mar. Aug. 61.54 61.40 61.52 61.49^ 
May Oct. 60.36 59.98 61.24 60.52® 
July Dec. 60.32 59.12 60.83 60.09® 
Sept. Feb. 60.58 59.97 60.25 60.27® 
Avg. 60.80^ 60.14^ 61.07^ 
^*^Means with different superscripts differ (P<.05). 
^''^'^eans with different superscripts differ (P<.05). 
Table 33. Kidney, pelvic, and heart fat by housing and month on test 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 2.09 1.90 2.07 2.02^ 
J an. June 2.41 2.10 2.38 2.31^ 
Mar. Aug. 2.36 2,42 2.28 2.35^ 
May Oct. 2.53 2.22 2.34 2.37^ 
July Dec. 2.51 2.37 2.51 2.46^ 
Sept. Feb. 2.30 2.27 2.22 2.26^ 
Avg. 2.37 2.21 2.30 
®'^Means with different superscripts differ (P<,05). 
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Table 34. Loin eye area by housing and month on test* 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. 12.00 11.71 11.75 11.82^ 
Jan. June 12.45 12.15 11.98 12.20^ 
Mar. Aug. 12.30 12.31 12.24 12.29^ 
May Oct. 12.45 12.28 12.13 12.29^ 
July Dec. 12.20 11.98 12.03 12.07^^'^ 
Sept. Feb. 11.84 11.80 11.86 11.83^ 
Avg. 12.21® 12.03®*» 12.00» 
^'^Means with different superscripts differ (P<.05). 
^ ' "Sleans with different superscripts differ (P<.05). 
*Square inches. 
Table 35. Backfat by housing and month on test* 
Date 
Started Sold Shelter Shelterless Confinement Avg. 
Nov. Apr. .40 .39 .39 .39^ 
Jan. June .45 .41 .38 .41»'= 
Mar. Aug. .48 .45 .45 .46*'» 
May Oct. .52 .49 .50 .50® 
July Dec. .44 .43 .47 .45» 
Sept. Feb. .47 .45 .44 .46*'» 
Avg. .46 .44 .44 
^*%'Sleans with different superscripts differ (P<.05). 
*Inches. 
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APPENDIX C: ANALYSIS OF VARIANCE TABLE 
FOR CATTLE LIVE WEIGHTS BY PERIODS 
Table 36. Analysis of variance presenting mean squares for cattle weights by period 
Period Period 
Source df 1 2 3 4 5 df 6 
Model 21 6359. 13* 6500. 93* 11165. 38* 13477. 77* 14693. 26 21 14141.84* 
Error 158 637. 77 514. 65 817. 88 1466. 28 1325. 58 116 848.56 
Year 4 17546. 65* 15049. 94* 28105. 86* 18042. 44* 10775. 42* 4 10704.14* 
Month 5 11342. 27* 10830. 73* 13156. 60* 24641. 18* 31035. 42* 5 26908.12* 
Housing 2 1072. 46 9044. 74* 21936. 11* 38472. 62* 52841. 87* 2 55343.03* 
Month X Housing 10 3726. 78* 4489. 40* 7179. 39* 12403. 73* 15615. 11* 10 14950.71* 
*Slgnlfleant (P<.0001). 
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APPENDIX D: CATTLE LIVE WEIGHTS BY PERIOD, 
HOUSING, AND MONTH ON TEST 
Table 37. Live weights by period, housing, and month on test 
Period Shelter Shelterless Confinement Nov. Jan. 
1 780.8^ 773.8* 773.2* 786.5^ 792.8^ 
2 873.3^ 861.5^ 848.Sf 865.5® 846.1^ 
3 960.1^ 939.8^ 921.8^ 923.5^'® 913.1® 
4 1036.8^ 1013.4^ 986.2^ 962.5^ 992.6® 
5 1104.8^ 1077.6^ 1045.5^ 1016.9^ 1074.4^'® 
6 1139.9* 1109.7^ 1070.7= 1070.2^ 1128.7^'® 
Avg. 976.2 956.7 935.8 937.5 952.1 
^'^'Sleans in a row with different superscripts differ (P<.05). 
'g'h^eans in a row with different superscripts differ (P<.05). 
i» j »k»l»ni,n^g^^g with different superscripts differ (P<.05). 
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Month on test 
March May July Sept. Avg. 
753.6^ 770.6® 754.1^ 798.0^ 775.9^ 
850.2^ 872.9® 841.2^ 891.2^ 861.2^ 
949.4® 954.4® 933.5^ 969.3^ 940.5^ 
1032.6^ 1033.8^ 1027.2*^ 1024.1^ 1012.2^ 
1096.1®'*^ 1108.4^ 1089.8®'^ 1070.0® 1075.9™ 
1140.8^ 1136.8^ 1115.7® 1067.2^ 1106.8* 
964.6 968.3 949.2 966.6 
